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ABSTRACT
( I )  The o v e r a l l  p u rp o se  o f  t h i s  w o rk  is  t o  exam ine  th e  
m o rp h o lo g y  o f  th e  h ig h  la t i t u d e  w in te r  io n o s p h e re  d u r in g  m a g n e to s p h e r ic  
s u b s to rm s . R e ce n t s tu d ie s  have shown t h a t  th e  la r g e - s c a le  s t r u c t u r e
o f  th e  h ig h  la t i t u d e  io n o s p h e re  i s  c h a r a c te r iz e d  by p ronounced  
c ir c u m p o ta r  fe a tu r e s  t h a t  a re  c lo s e ly  a s s o c ia te d  w i th  th e  a u ro ra l 
o v a i .  Ih e r e fo r e ,  i t  is  h y p o th e s iz e d  t h a t  t h e r e  e x i s t  r e la t io n s h ip s  
be tw een th e  v a r ia t io n s  o f  th e  h ig h  la t i t u d e  io n o s p h e re  and th e  
d ynam ics  o f  th e  a u ro ra l o v a l d u r in g  m a g n e to s p h e r ic  s u b s to rm s .
( I I )  lonogram s fro m  g ro u n d  and a i r b o r n e  io n o s o n d e s  fo rm  
th e  io n o s p h e r ic  d a ta  base f o r  th e s e  s tu d ie s .  A u ro ra l a l l - s k y  
camera d a ta  and a u ro ra l zone m agnetogram s r e l i a b l y  d e f in e  th e  
o c c u r re n c e  o f  m a g n e to s p h e r ic  s u b s to rm s . These l a t t e r  tw o  d a ta  
ty p e s  fo rm  th e  m a jo r i t y  o f  th e  a s s o c ia te d  o b s e r v a t io n a l  m a te r ia l  
f o r  th e  in t e r d i s c ip l i n a r y  s tu d y  o f  th e  m o rp h o lo g y  o f  th e  h ig h  
la t i t u d e  io n o s p h e re .
( I I I )  As a f i r s t  s te p ,  a l l - s k y  cam era d a ta  fro m  th e  A la s k a n  
m e r id ia n  c h a in  o f  o b s e rv a to r ie s  a re  s tu d ie d  t o  d e te rm in e  th e  
m e r id io n a l d is t r i b u t i o n s  and m o tio n s  o f  a u ro ra s  t h a t  c o m p ris e  
th e  a u ro ra l o v a l .  A m a g n e tic  m e r id ia n  o b s e rv in g  c h a in  is  s im i l a r  
t o  an a z im u th  scan  ra d a r  t h a t  's c a n s ’ th e  a u r o r a l o v a l  o n ce  p e r
d a y . The r e s u l t s  o f  t h i s  in v e s t ig a t io n  re v e a l s e v e ra l new m o rp h o lo g ic a l 
fe a tu r e s  o f  th e  a u ro ra l s u b s to rm : ( i )  An enhanced e q u a to rw a rd
d r i f t  o f  a u ro ra l fo rm s and th e  ' c l e a r i n g '  o f  th e  p o le w a rd  sky  
r e s u l t  in  an e q u a to rw a rd  ' t h i n n i n g '  o f  th e  a u r o r a l  o v a l p r i o r  
t o  th e  o n s e t  o f  th e  e x p a n s iv e  phase o f  th e  s u b s to rm . These phenomena 
may p o s s ib ly  in d ic a te  th e  g ro w th  phase o f  a m a g n e to s p h e r ic  s u b s to rm .
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( i i )  D u r in g  w o r ld w id e  m a g n e to q u ie t, in te n s e  a u r o r a l  su b s to rm s  
o c c u r  on th e  c o n t ra c te d  a u ro ra l o v a l .  Such s u b s to rm s  may o c c u r  
beyond th e  p o le w a rd  h o r iz o n  o f  an a u ro ra !  zone o b s e r v a to r y .
T h is  f a c t  em phas izes  th e  im p o rta n c e  o f  d a ta  fro m  a m e r id ia n  c h a in  
o f  o b s e r v a to r ie s  f o r  m o rp h o lo g ic a l s tu d ie s  o f  a u r o r a s ,  ( i i i )
A l l - s k y  cam era d a ta  fro m  th e  A la s k a n  m e r id ia n  c h a in  c o n f ir m  
th e  e a r l i e r  s t a t i s t i c a l  r e s u l t s  w h ich  in d ic a te  t h a t  e q u a to rw a rd  
a u ro ra l m o tio n s  in  th e  n ig h t  s e c to r  a re  more f r e q u e n t  th a n  p o ie w a rd  
m o t io n s . S u n l ig h t  p re c lu d e s  co m p re h e n s ive  day s e c to r  o b s e rv a t io n s  
by th e  A la s k a n  m e r id ia n  c h a in .  F o r t h i s  re a s o n , s o u th e rn  h e m isp h e re  
a l l - s k y  cam era d a ta  a re  used t o  d e te rm in e  t h a t  p o ie w a rd  m o tio n s  
o f  day s e c to r  a u ro ra s  o c c u r  s t a t i s t i c a l l y  more f r e q u e n t ly  th a n  
e q u a to rw a rd  m o t io n s .
C1V j An in v e s t ig a t io n  o f  io n o s p h e r ic  d is tu rb a n c e s  depends 
upon a d e ta i le d  know ledge o f  th e  b e h a v io r  o f  th e  io n o s p h e re  
d u r in g  m a g n e to q u ie t p e r io d s .  D ata  fro m  a ir b o r n e  and g ro u n d  
based io n o so n d e s  a re  com bined to  deduce th e  m a c ro s c a le  p a t te r n s  ' 
o f  th e  m a g n e to q u ie t h ig h  la t i t u d e  io n o s p h e r ic  E - re g io n  and th e  
F 2 - ia y e r .  ( i )  D u r in g  such p e r io d s ,  th e  a u ro ra !  E - ia y e r  and 
r e ta rd e d  ty p e  s p o ra d ic  E o c c u r  in  a c i r c u m p o la r  band bounded 
by a p p ro x im a te ly  68° and 75° CGL; n o n - re ta rd e d  ty p e  s p o ra d ic  E, 
w ith  to p  f re q u e n c ie s  above tw o  m e g a h e rtz  does n o t o c c u r  e q u a to rw a rd  
o f  a p p ro x im a te ly  68° CGL. ( i i . )  The m a g n e to q u ie t n ig h t  s e c to r  
F 2 - la y e r  is  c h a r a c te r iz e d  by th e  m ain t ro u g h ,  w i t h  c r i t i c a l  
f r e q u e n c ie s  o f  a p p ro x im a te ly  one m e g a h e rtz ; th e  m a in  t r o u g h  
is  bounded on th e  p o ie w a rd  s id e  K 6 7 °  CGL) by a w e l l  d e f in e d
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w a l l  and a p la te a u  o f  F - re g io n  I o n iz a t io n  t h a t  e x te n d s  p o le w a rd  
to  th e  in s ta n ta n e o u s  a u ro ra l o v a l .
(V ) N ig h t  s e c to r  io n o s p h e r ic  d is tu rb a n c e s  a re  c lo s e ly  
a s s o c ia te d  w ith  th e  o c c u rre n c e  o f  m a g n e to s p h e r ic  s u b s to rm s .
C i) A t  a p p ro x im a te ly  65° CGL in  th e  n ig h t  s e c to r ,  s p o r a d ic  E
w ith  to p  f re q u e n c ie s  g r e a te r  th a n  tw o m e g a h e rtz  o c c u rs  in  c o n ju n c t io n  
w i th  substo rm ?.. The to p  f re q u e n c y  o f  s p o ra d ic  E d e c re a s e s  be low  
tw o  m e g a h e rtz  d u r in g  th e  re c o v e ry  phase o f  th e  s u b s to rm . A t  
t im e s ,  th e  b la n k e t in g  f re q u e n c y  o f  s p o ra d ic  E in c re a s e s  p r i o r  
t o  th e  o n s e t o f  a c c e p te d  su b s to rm  phenomena, ( i i )  The n ig h t  
s e c to r  p o le w a rd  t r o u g h  w a l l  is  d is p la c e d  e q u a to rw a rd  d u r in g  
th e  d e v e lo p m e n t o f  a s u b s to rm . From th e s e  l im i t e d  s t u d ie s ,  
i t  a p p e a rs  t h a t  th e  d is p la c e m e n t o c c u rs  d u r in g  th e  e x p a n s iv e  
phase o f  th e  a u r c r a i  s u b s to rm . N o rm a lly  once th e  p o le w a rd  
tro u g h  w a ll  is  d is p la c e d  e q u a to rw a rd , i t  re m a in s  e q u a to rw a rd  
o f  i t s  m a g n e to q u ie t p o s i t io n  f o r  th e  re m a in d e r  o f  th e  n ig h t .
(V I )  Day s e c to r  d is tu rb a n c e s  a re  re c o g n iz e d  by io n o s p h e r ic  
c h a r a c t e r i s t i c s  c lo s e ly  a s s o c ia te d  w i th  a u r o r a l  phenom ena, ( i )
The day s e c to r  F - la y e r  i r r e g u l a r i t y  zone and th e  d is c r e t e  a u ro ra s  
move e q u a to rw a rd  and th e n  p o le w a rd  w ith  th e  d e ve lo p m e n t and 
decay o f  a m a g n e to s p h e r ic  s u b s to rm , ( i i )  In c re a s e d  n o n - d e v ia t iv e  
io n o s p h e r ic  a b s o rp t io n  o f  h ig h  fre q u e n c y  r a d io  waves is  a s s o c ia te d  
w ith  th e  fo rm a t io n  o f  m idday  a u r o r a l p a tc h e s  t h a t  o c c u r  in  c o n ju n c t io n  
w i th  s u b s to rm s .
( V I I )  T h is  w o rk  i l l u s t r a t e s  th e  a d va n ta g e s  o f  an in t e r d i s c ip l i n a r y  
s tu d y  o f  th e  h ig h  la t i t u d e  io n o s p h e re . I t  a ls o  d e m o n s tra te s  th e
v '
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need f o r  a m e r id ia n  c h a in  o f  g e o p h y s ic a l o b s e r v a to r ie s  e q u ip p e d  
w i th  io n o s o n d e s , as w e l l  as a l l - s k y  c a m e ra s , m a g n e to m e te rs  and 
r io m e te r s .  Such a c h a in  w o u ld  p ro v id e  th e  d a ta  n e c e s s a ry  f o r  
th e  re f in e m e n t  and e x p a n s io n  o f  th e  s tu d ie s  p re s e n te d  h e re .
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2 7 . T y p ic a i io nog ram s fro m  th e  a i r b o r n e  io n o s o n d e  
s h o w in g  exam p les  o f  an e q u a to rw a rd  c r o s s in g  
b e n e a th  th e  F - la y e r  p o le w a rd  t r o u g h  w a l l ,  th e  
a u ro ra !  E - la y e r ,  re ta rd e d  ty p e  s p o r a d ic  E and 
n o n - re ta rd e d  ty p e  s p o ra d ic  E. ■
2 8 . The rl ( o r  X) com ponen t m a g n e tic  re c o rd s  fro m  
a u r o r a l  zone s t a t io n s  f o r  a 24 h o u r  p e r io d  on 
S ep tem ber 14 -1 5 , 1964.
2 9 . S y n o p t ic  p a t te r n  o f  th e  m a g n e to q u ie t  F 2 - la y e r  
c r i t i c a l  f r e q u e n c ie s  deuuced fro m  th e  B a rro w , 
C o lle g e  and A n ch o ra g e  io n o so n d e  d a ta  f o r  a 24 
h o u r p e r io d  on S ep tem ber 1 4 -1 5 , 1964.
3 0 . A i r c r a f t  f l i g h t  p a th  (CGL-CGLT) f o r  D ecem ber 
5 -6 ,  1969. U n iv e rs a l t im e s  a re  g iv e n  f o r  
r e p r e s e n ta t iv e  f l i g h t  p a th  lo c a t io n s .
S uperim posed is  th e  Q = 3 s t a t i s t i c a l  a u r o r a l  
o v a l f o r  m o d e ra te ly  d is tu r b e d  m a g n e t ic  c o n d i t io n s .
3 ! a . The AE, AU, AL and Ds + in d ic e s  f o r  0 0 0 0 -0 7 0 0  UT, 
December 6 . 1969. M agnetogram s fro m  th e  f o l lo w in g  
s t a t io n s  w ere  used t o  c o n s t r u c t  t h e  AE, AU and 
. AL in d ic e s :  C o l le g e ,  B a rro w , D ix o n  I s la n d ,  A b is k o ,
I e i  r v o g u r ,  N a rs s a rc s u a c i. G re a t W hale R iv e r ,  F o r t
' C h u r c h i l l ,  B a k e r Lake , Meanook and I n u v ik .
3 !b .  F l i g h t  p a th  in  c o r r e c te d  g e o m a g n e tic  l a t i t u d e  
and U n iv e rs a l t im e  f o r  December 6 , 1969, 00 0 0 ­
0700 UT. A ls o  shown a re  r e p r e s e n ta t iv e  a u r o r a l  
and F L IZ  p o s i t io n s .  The lo w e r  c a se  l e t t e r s  a re  
f o r  c ro s s  re fe r e n c e  w i th  F ig u re  3 2 .
3 2 . R e p re s e n ta t iv e  ionog ram s and a l l - s k y  cam era 
p h o to g ra p h s  f o r  th e  tim e s  i d e n t i f i e d  by th e  
lo w e r case l e t t e r s  in  F ig u re  3 1 b . The f o l lo w in g  
a b b r e v ia t io n s  a re  used to  i d e n t i f y  F - la y e r  
c h a r a c t e r i s t i c s ;  ( I )  p o la r  c a v i t y  F - ia y e r  -  PC,
(2 )  Ft- la y e r  i r r e g u l a r i t y  zone -  F L IZ , and (3 )  
s u b a u ro ra  I F - la y e r  -  SF.
3 3 . S ch e m a tic  d ra w in g  t h a t  i l l u s t r a t e s  th e  
m e r id io n a l m o t io n s  o f  th e  day s e c to r  p o la r  
F - la y e r  t h a t  o c c u r  d u r in g  a m a g n e to s p h e r ic  
s u b s to rm . The  s u b a u ro ra i F - ia y e r  is  d e n o te d  
as th e  1 s o la r  F - i a y e r ’ in  th e  u p p e r p a r t  o f  
th e  f ig u r e .
3 4 . N ig h t  s e c to r  a u r o r a l  zone m a g n e t ic  re c o rd s  
(H o r  X com ponen t) f o r  December 9 , 1969,
0000 t o  0800 UT.
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3 5 . A i r c r a f t  f l i g h t  p a th  (CGL-CGLT) f o r  Decem ber 149
9 , 1969. U n iv e rs a l t im e s  a re  g iv e n  f o r
r e p r e s e n ta t iv e  f l i g h t  p a th  lo c a t io n s .  S upe rim posed  
is  th e  Q = 3 s t a t i s t i c a l  a u r o r a l  o v a l f o r  m o d e ra te ly  
d is tu r b e d  m a g n e tic  c o n d i t io n s .
3 6 . R e p re s e n ta t iv e  a u r o r a l  p o s i t io n s  and o r ie n t a t io n s  150
o f  d is c r e te  a u r o r a l  a rc s  o b s e rv e d  on th e  f l i g h t
o f  December 9 , 1969. A l l  t im e s  a re  UT.
3 7 . A l l - s k y  camera p h o to g ra p h  o f  m idday a u r o r a l  151
p a 1 :h e s  o b s e rv e d  on Decem ber 9 , i 96 9 , 3445 UT •
th e  a u ro ra !  p a tc h e s . (B o th  p h o to g ra p h s  a re  
g ro u n d  p r o je c t io n s ) .
3 8 . A s ia n  s e c to r  r io m e te r  a b s o r p t io n  d a ta  shown 
in  r e la t i o n  t o  th e  o b s e rv e d  io c a t io n  o f  m id d a y  
a u r o r a l  p a tc h e s  and t o  th e  a i r c r a f t  f l i g h t  p a th  
(CGL) f o r  December 9 ,  1969, 0300 -0 7 0 0  UT. A ls o  
shown a re  th e  c o r re s p o n d in g  c o r r e c te d  geom agnet re 
lo c a l t im e s  (CGLT) f o r  each g ro u n d  s t a t i o n .
3 9 . Ionosonde  o b s e rv e d  m inim um  fre q u e n c ie s  
a s s o c ia te d  w i th  th e  m idday  a u r o r a l  p a tc h e s , 
D ecem ber 9 , 19 6 9 . M in u te s  w i th o u t  d a ta  a re
- due t o  io n o so n d e  c a l i b r a t i o n ,  ' v '  in d ic a te s  
t h a t  f m{ n was lo w e r th a n  2 .0  MHz, th e  low 
fre q u e n c y  l i m i t  o f  t h e  io n o s o n d e .
4 0 . P a r t i a l  f - p l o t  f o r  A l la k a k e t ,  ’ AU' and 
’ A L ’ in d ic e s  and r io m e te r  a b s o r p t io n  d a ta  
f o r  A l la k a k e t  and C o l le g e - f o r  a |0  h o u r  
p e r io d  on December 4 ,  19 6 5 . The 'A U ' and
’ A L ' in d ic e s  w ere  d e r iv e d  fro m  th e  s u p e r p o s i t io n  
o f  t h e  n ig h t  s e c to r  H ( o r  X) com ponent m a g n e tic  
re c o rd s  shown in  F ig u re  4 I .  The lo w e r ca se  
l e t t e r s  a re  f o r  c ro s s  re fe re n c e  w ith  F ig u re  4 2 .
4 1 . A u ro ra l z o n e '.m a g n e tic  re c o rd s  (H o r  X com p o n e n t) 
f o r  December 4 , 19 6 5 , 0400 t o  1900 UT.
4 2 . R e p re s e n ta t iv e  io n o g ra m s f o r  A ! la k a k e t ,  C o lle g e  
and A ncho rage  f o r  th e  n ig h t  o f  December 4 ,  1965 
( U n iv e r s a l t im e s  and d a te ) .  A ls o  shown a re  th e  
c o r re s p o n d in g  a l l - s k y  cam era p h o to g ra p h s  fro m  
C o l le g e .  The lo w e r ca se  l e t t e r s  a re  f o r  c ro s s  
re fe r e n c e  w ith  F ig u re  4 0 .
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P a r t i a l  f - p l o t s  f o r  A l la k a k e t  and C o lle g e  
and th e  'A U ' and 'A L ' in d ic e s  f o r  a 10 h o u r  
p e r io d  on J a n u a ry  2 , 19 6 6 . The ’ AU' and 'A L ' 
in d ic e s  w ere d e r iv e d  fro m  th e  s u p e r p o s i t io n  
o f  th e  n ig h t  s e c to r  H ( o r  X) com ponent m a g n e t ic  
re c o rd s  shown in  F ig u re  4 4 .
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44. N ig h t s e c to r  a u ro ra !  zone m a g n e tic  re c o rd s  
(H o r  X com ponent) f o r  J a n u a ry  2 , 1966,
0700 t c  i 700 UT.
4 5 . P a r t ia l  f - p l o t s  f o r  A l la k a k e t  and C o lle g e  
and th e  'A U 1 and 'A L ' in d ic e s  f o r  a 10 h o u r 
p e r io d  on J a n u a ry  18, 1966. The ’ AUT and 'A L ' 
in d ic e s  w ere d e r iv e d  fro m  th e  s u p e r p o s i t io n
o f  th e  n ig h t  s e c to r  H ( o r  X) com ponent m a g n e tic  
re c o rd s  shown in  F ig u re  4 6 .
46. N ig h t  s e c to r  a u ro ra !  zone m a g n e tic  re c o rd s  
0700 to  1700 UT. ' '  ’
4 7 . P a r t ia l  f - p i o t  f o r  C o lle g e  and th e  ’ AU1 
and 'A L ' in d ic e s  f o r  a 10 h o u r  p e r io d  on 
March 3 , 1965. The 'A U ' and ’ A L ’ in d ic e s  
w ere d e r iv e d  fro m  th e  s u p e r p o s i t io n  o f  th e  
n ig h t  s e c to r  H ( o r  X) com ponent m a g n e tic  
re c o rd s  s h o w n 'in  F ig u re  48 .
48.- N ig h t  s e c to r  a u ro ra l zone m a g n e t ic  re c o rd s  
(H o r  X com ponent) f o r  M arch 3 , 1966, 0700 
t o  1700 UT.
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PREFACE
A c c u ra te  know ledge o f  th e  b e h a v io r  o f  th e  h ig h  la t i t u d e  
io n o s p h e re  is  v i t a l  f o r  u n d e rs ta n d in g  th e  e n v iro n m e n ta l e f f e c t s  
upon th e  co m m u n ica tio n  o f  in fo r m a t io n  v ia  o r  th ro u g h  th e  p o la r  
io n o s p h e re .
The io n o s p h e re  fo rm s th e  base o f  th e  m a g n e to sp h e re . As 
su c h , th e  p o la r  io n o s p h e re  is  s u b je c t  t o  th e  c o n t in u o u s  bom bardm ent 
o f  e n e r g e t ic  p a r t i c le s  t h a t  p o p u la te  th e  o u te r  m a g n e tosphe re  
and p r e c ip i t a t e  a long  th e  a u r o r a l  o v a l .  E le c t r i c  f i e l d s ,  w h ich  
a re  an in te g r a l  p a r t  o f  th e  d e s c r ip t io n  o f  th e  m agne tosphe re  
and i t s  v a r ia t io n s ,  a ls o  e f f e c t  t h e ' io n o s p h e re .
T he  pu rpose  o f  th e  w ork  p re se n i'e d  h e re  is  t o  m o r p h o lo g ic a l ly  
exa m in e  th e  m o rp h o lo g ic a l la r g e - s c a le  changes in  th e  s t r u c t u r e  
o f  th e  h ig h  la t i t u d e  io n o s p h e re  d u r in g  m a g n e to s p h e r ic  s u b s to rm s .
The d i s t r i b u t i o n  o f  a u ro ra s  ( th e  o n ly  " v i s i b l e "  phenomenon in  
p o la r  aeronom y) is  c lo s e ly  r e la te d  t o  th e  s t r u c t u r e  o f  th e  
h ig h  la t i t u d e  io n o s p h e re  and i s  a ls o  an e x c e l le n t  in d ic a t o r  
o f  s u b s to rm  v a r ia t io n s .  Thus , th e  c h a r a c t e r i s t i c s  o f  th e  h ig h  
l a t i t u d e  io n o s p h e re  have been j o i n t l y  c o n s id e re d  w i th  a u r o r a l 
phenomena. I t  is  f o r  t h i s  re a s o n  t h a t  a u r o r a l  s u b s to rm s  and 
a s s o c ia te d  p o la r  m a g n e tic  s u b s to rm  a c t i v i t y  ha ve  been s tu d ie d  
in  th e  f i r s t  p a r t  o f  th e  t h e s is .
The m e r id io n a l d i s t r i b u t i o n  o f  a u ro ra s  d u r in g  m a g n e to s p h e r ic  
s u b s to rm s  is  s tu d ie d  in  d e t a i l  w ith  d a ta  fro m  t h e  A la s k a n  m e r id ia n  
c h a in  o f  g e o p h y s ic a l o b s e r v a to r ie s  (C h a p te r  2 ) .  T h is  o b s e rv in g
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c h a in  s y s t e m a t ic a l ly  o b s e rv e s  th e  a u r o r a l  o v a l o n c e -p e r -d a y  
l i k e  an a z im u th  scan r a d a r .  The s tu d y  o f  th e s e  s y s t e m a t ic a l ly  
a c q u ire d  d a ta  has re v e a le d  s e v e ra l new f e a tu r e s  o f  a u r o r a l  
s u b s to rm s :
I .  T h e re  seems t o  be an enhanced e q u a to rw a rd  d r i f t  o f  
n io h t - s e c t o r  a u ro ra !  fo rm s  one t o  tw o  h o u rs  p r i o r  t o  th e  o n s e t 
o f  th e  e x p a n s iv e  phase o f  an a u r o r a l  s u b s to rm . The e q u a to rw a rd  
d r i f t  and th e  " c le a r in g "  o f  th e  p o le w a rd  s k y  r e s u l t  in  an e q u a to rw a rd  
th in n in g  o f  th e  a u ro ra l o v a l .  These a u r o r a l  phenomena may be 
in d ic a t o r s  o f  th e  g ro w th  phase o f  m a g n e to s p h e r ic  s u b s to rm s .
_ 2 .  A u ro ra l s u b s to rm s  o c c u r  on  th e  c o n t r a c te d  a u r o r a l
o v a l d u r in g  g e n e ra l w o r ld w id e  m a g n e to q u ie t .  The  fe a tu r e s  o f  
th e s e  a u r o r a l  s u b s to rm s  a re  i d e n t i c a l ,  w i t h  t h e  e x c e p t io n  o f  
t h e i r  l a t i t u d e  o f  o c c u r re n c e , t o  th o s e  t h a t  o c c u r  a t  t y p i c a l  
a u r o r a l  zone l a t i t u d e s .
In  th e  second p a r t  o f  t h e  t h e s i s ,  t h e  s y n o p t ic  p a t t e r n  
o f  th e  m a g n e to q u ie t io n o s p h e re  has been e s ta b l is h e d  (C h a p te r  
3 ) and i d e n t i f i c a t i o n  o f  io n o s p h e r ic  d is tu r b a n c e s  as d e v ia t io n s  
fro m  th e  m a g n e to q u ie t p a t te r n s :  have  been made (C h a p te r  4 ) .  T hese 
io n o s p h e r ic  d is tu rb a n c e s  have  been r e la t e d  t o  s e v e ra l m a jo r  
f e a tu r e s  o f  a u r o r a l  and m a g n e to s p h e r ic  s u b s to rm s . D a ta  fro m  
th e  F ly in g  Io n o s p h e r ic  L a b o ra to ry ,  an A i r  F o rc e  C a m b rid g e  R e se a rch  
L a b o r a to r ie s  NKC-I35 j e t  a i r c r a f t ,  in s tru m e n te d  w i t h  an io n o s p h e r ic  
s o u n d e r and an  a l l - s k y  ca m era , have  a ls o  been used f o r  th e s e  
s tu d  i e s .
S e v e ra l new r e s u l t s  fro m  th e  i n t e r d i s c i p i  in a r y  s tu d y  
x x  i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o f  th e  h ig h  l a t i t u d e  io n o s p h e re  in c lu d e  th e  f o l lo w in g :
1. T h e re  a re  F 2 - la y e r  v a r ia t io n s  in  l a t i t u d e  t h a t  a re  
c lo s e ly  a s s o c ia te d  w ith  m a g n e to s p h e r ic  s u b s to rm s . The d a y - 
s e c to r  F - la y e r  i r r e g u l a r i t y  zone and a u ro ra s  b o th  move e q u a to rw a rd  
and th e n  p o le w a rd  w ith  th e  d e ve lo p m e n t and decay o f  a m a g n e to s p h e r ic  
s u b s to rm . In  th e  n ig h t - s e c t o r  th e  p o le w a rd  t ro u g h  w a ll  moves 
e q u a to rw a rd  w ith  th e  d e ve lo p m e n t o f  a s u b s to rm .
2 . The io n o s p h e r ic  a b s o r p t io n  s u b s to rm  in  th e  d a y - s e c to r  
is  r e la te d  t o  th e  fo rm a t io n  o f  m idday a u ro ra  I p a tc h e s .
•3. O c c u rre n c e s  o f  n ig h t  s e c to r  s p o ra d ic  E, a t  a p p ro x im a te ly  
6 5 °  c o r r e c te d  g e o m a g n e tic  l a t i t u d e  and w ith  b la n k e t in g  f r e q u e n c ie s  
g r e a t e r  th a n  tw o  m e g a h e rtz , a re  a s s o c ia te d  w i th  m a g n e to s p h e r ic  
s u b s to rm s . The M a r k e t in g  f re q u e n c y  o f  s p o r a d ic  E is  o f t e n  
o b s e rv e d  t o  in c re a s e  p r i o r  t o  th e  o n s e t o f  o th e r  s u b s to rm  
phenom ena.
I t  i s  recommended, on th e  b a s is  o f  th e  s t u d ie s  p re s e n te d  
h e re ,  t h a t  a m e r id ia n  c h a in  o f  io n o s p h e r ic  s o u n d e rs  be e s ta b l is h e d  
in  a s s o c ia t io n  w i th  a h ig h  l a t i t u d e  o b s e rv in g  c h a in  such  as 
now e x is t s  in  A la s k a .
Such an  i n t e r d i s c i p l i n a r y  and s y s te m a t ic  o b s e rv in g  a p p ro a ch  
w o u ld  p r o v id e  th e  da ta  necessa ry ' f o r  r e f in e m e n t  o f  th e  s tu d ie s  
p re s e n te d  h e re  and f o r  e x a m in a t io n  o f  t h e  p o s s i b i l i t i e s  o f  
p r o v id in g  w a rn in g  f o r  th e  o c c u r re n c e  o f  m a g n e to s p h e r ic  s u b s to rm s . 
Such s tu d ie s  a re  e s s e n t ia l  f o r  a b e t t e r  u n d e rs ta n d in g  o f  th e  
io n o s p h e r ic  e n v iro n m e n t and i t s  e f f e c t  upon th e  c o m m u n ic a tio n  
o f  in fo r m a t io n  v ia  o r  th ro u g h  th e  p o la r  io n o s p h e re .
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CHAPTER I
I NTRODUCT ION
T h is  c h a p te r  re v ie w s  th e  p re v io u s  w o rk  in  th e  f i e l d s  
o f  a u r o r a l  and io n o s p h e r ic  m o rpho logy  as a b a c kg ro u n d  f o r  th e  
t o p ic s  t r e a te d  in  th e  f i n a l  t h r e e  c h a p te r s .  The f i r s t  h a l f  
o f  t h i s  c h a p te r  c o n s id e rs  th e  a u ro ra l o v a l and i t s  dynam ics 
in c lu d in g  th e  a u ro ra l s u b s to rm . The l a t t e r  h a l f  o f  th e  c h a p te r  
d is c u s s e s  th e  known la r g e - s c a le  s y n o p t ic  fe a tu r e s  o f  th e  h ig h  
l a t i t u d e  io n o s p h e r ic  F2- l a y e r .
1.1 SPATIAL AND TEMPORAL DISTRIBUTIONS OF AURORAS
1. 1. 1 The A u ro ra  I Oval
The w o r ld -w id e  d i s t r i b u t i o n  and o c c u r re n c e  fre q u e n c y  
o f  a u ro ra s  has been r e f in e d  and c l a r i f i e d  g r e a t l y  d u r in g  th e  
p a s t  decade . However th e  h is t o r y  o f  t h i s  s c i e n t i f i c  e n d eavo r 
d a te s  t o  th e  m id -1 9 th  c e n tu r y .
Loom is ( I8 6 0 )  c o l le c te d  many e a r ly  n o r th e r n  hem isp h e re  
a u r o r a l o b s e rv a t io n s  d a t in g  back  t o  th e  t im e  o f  A r i s t o t l e .  
L o o m is 's  c o n t r ib u t io n  was th e  r e c o g n i t io n  t h a t  th e  o c c u rre n c e  
. fre q u e n c y  o f  a u ro ra s  m ax im izes  in  a ro u g h ly  c i r c u l a r  band .
The c e n te r  o f  t h i s  band was s h i f t e d  fro m  th e  g e o g ra p h ic  p o le  
by a b o u t te n  degrees o f  l a t i t u d e  to w a rd  G re e n la n d . F r i t z  (1881 ) 
c a ta lo g e d  a u ro ra l re c o rd s  f o r  th e  p re c e d in g  2300 y e a rs  and 
d e te rm in e d  isochasm s o f  a u r o r a l  o c c u r re n c e . An isochasm  is  
an is o c o n to u r  l i n e  o f  a u ro ra l o c c u rre n c e  f re q u e n c y  commonly
I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2e xp re sse d  in  n ig h ts  p e r y e a r .  V e s t in e  (1 9 4 4 ) ,  u s in g  F r i t z ’ s 
d a ta  and o b s e rv a t io n s  o f  th e  a u ro ra  fro m  th e  F i r s t  and Second 
In te r n a t io n a l  P o la r  Y e a rs , expanded F r i t z ’ s w o rk  and r e f in e d  
th e  c o n c e p t o f  th e  a u ro ra !  z o n e . The a u ro ra l zone is  th e  re g io n  
in  th e  v i c i n i t y  o f  th e  maximum v a lu e  iso ch a sm . V e s t in e  a ls o  
made an a n a ly s is  im provem en t by c o n s id e r in g  o n ly  th o s e  n ig h ts  
on w h ich  a u ro ra s  c o u ld  be o b s e rv e d . _
Evi'dence  f o r  th e  a u r o r a l zone was p ie c e d  to g e th e r  fro m  
d a ta  t h a t  c o n s is te d  o f  o b s e rv in g  n o te s  made fro m  v is u a l  s ig h t in g s  
o f  a u ro ra s .  The d e v e lo p m e n t-o f th e  a l l - s k y  cam era f o r  a u ro ra l 
p h o to g ra p h y  (D a v is  and E lv e y , 1955) p ro v id e d  a d r a m a t ic a l ly  
im proved  c a p a b i I i t y  f o r  th e  s y s te m a t ic  g a th e r in g  o f  a u ro ra l 
d a ta .  The o p e ra t io n  o f  many a u r o r a l a l l - s k y  cam eras d u r in g  
th e  I n t e r n a t io n a l  G e o p h y s ic a l Y e a r p ro v id e d  th e  n e c e s s a ry  d a ta  
base f o r  tw o  s ig n i f i c a n t  m o rp h o lo g ic a l r e s u l t s .
The f i r s t  o f  th e s e  r e s u l t s  was th e  d e te r m in a t io n  t h a t  
a u ro ra s  o c c u r  s t a t i s t i c a l l y  w i t h in  an o v a l b e l t ,  c a l le d  th e  
a u r o r a l  o v a l ,  w h ich  e n c i r c le s  th e  p o la r  r e g io n s  and w h ic h  is  
f ix e d  a p p ro x im a te ly  w i th  r e s p e c t  t o  th e  sun ( F e ld s t e in ,  I9 6 0 , 
1963; K ho rosheva , 1962; F e ld s te in  and S ta rk o v ,  1 9 6 7 ). The 
. a u ro ra l o v a l is  e c c e n t r ic  w i th  re s p e c t  t o  th e  d ip o le  p o le  and 
c o in c id e s  w ith  th e  a u ro ra l zone o n ly  n e a r t h e  lo c a l m a g n e tic  
m id n ig h t  t im e  s e c to r .
The c o n c e p t o f  th e  a u r o r a l o v a l was d e ve lo p e d  th ro u g h  
th e  s t a t i s t i c a l  s m o o th in g  o f  a g r e a t  am ount o f  a l l - s k y  cam era 
d a ta .  H owever, even th e  com bined f i e l d - o f - v i e w  o f  th e  IGY a I I  —
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3s k y  cam era n e tw o rk  was i n s u f f i c i e n t  t o  d e te rm in e  th e  in s ta n ta n e o u s  
d i s t r i b u t i o n  o f  a u ro ra s  o v e r  th e  e n t i r e  p o la r  r e g io n .  L a rg e ly  
f o r  t h i s  re a so n , th e  q u e s t io n  has rem ained as t o  th e  in s ta n ta n e o u s  
d i s t r i b u t i o n  o f  th e  a u ro ra s  t h a t  s t a t i s t i c a I  Iy  p ro d u c e s  th e  
o v a l c o n f ig u r a t io n .
T here  a re  many o b s e r v a t io n a l f a c t s  t h a t  f a v o r  s t r o n g ly  
th e  co n c e p t o f  th e  a u r o r a l  o v a l as a p h y s ic a l e n t i t y .  K horcsheva 
(1 9 6 3 ) and A ka so fu  (19 6 4 ) p re s e n te d  s p e c i f i c  f i r s t  case  e v id e n c e  
t h a t  a u ro ra s  a re  lo c a te d  in  an o v a l c o n f ig u r a t io n  t h a t  e x te n d s  
fro m  h ig h  g eom agne tic  l a t i t u d e s  (*v 75° to  8 0 °  c o r r e c te d  geo m a g n e tic  
l a t i t u d e ,  CGL) d u r in g  th e  day t o  a u r o r a l  z o n e  la t i t u d e s  ('v 65° 
t o  7 0 °  CGL) a t  n ig h t .  The c o r re c te d  g e o m a g n e tic  c o o r d in a te  
s y s te m  ( H u l t q u is t .  1958: K a k u ra , 1965) w i l l  be used th ro u g h o u t 
t h i s  t h e s is .
Even w ith  an c l  I - s k y  cam era n e tw o rk  w i th  th e  re q u ire d  
f i e l d - c f - v i e w ,  c lo u d , lu n a r ,, and s o la r  l i g h t i n g  in te r fe r e n c e  
w o u ld  re d u ce  th e  p r o b a b i l i t y  o f  th e  d e te r m in a t io n  o f  th e  in s ta n ta n e o u s  
p o la r  c is t r i b u t i o n s  o f  a u ro ra s  t o  a m in u s c u le  v a lu e .  P h o to g ra p h y  
o r  t e l e v i s i o n  im ag ing  fro m  a p o la r  o r b i t i n g  s a te  I I i t e  w iI  I 
p r o v id e ,  in  t im e ,  th e  d a ta  t o  re s o lv e  th e  c o n t i n u i t y  q u e s t io n .
H ow ever, in  th e  absence  o f  such d a ta ,  th e  c o n t in u i t y  
o f  th e  a u r o r a l o v a l has been exam ined , w i th  re a s o n a b le  c e r t a i n t y ,  
by u s in g  a h ig h  speed j e t  a i r c r a f t  as an o b s e rv in g  p la t f o r m  
(B uchau e t  a I . ,  1970 ). These u n iq u e  a u r o r a l  d a ta  re v e a l t h a t  
u n d e r m o d e ra te ly  d is tu r b e d  m a g n e tic  c o n d i t io n s  ^ 2 4 ^ h r  ^p > ^  
v i s i b l e  a u ro ra l a rc s  fo rm  a c o n t in u o u s  band a ro u n d  th e  g e o m a g n e tic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
p o le ;  u n d e r q u ie t  m a c n e t ic  c o n d i t io n s  K < 1 0 ) te m p o ra l
“  24 h r  p r
a n d /o r  s p a t ia l  gaps w ere  fo u n d  in  th e  m o rn in g , noon and e v e n in g
t im e  s e c to r s  o f  th e  in s ta n ta n e o u s  a u r o r a l  o v a l (B uchau  e t  a I . ,
1 9 7 0 ). F u r th e r  s tu d ie s  have  shown t h a t  th e s e  g aps  a re  b r id g e d  
by s u b v is u a l bands o f  a u r o r a l  e m is s io n s  (B uchau  e t  a I 1 9 7 2 ).
The s u b v is u a l e m is s io n s  t h a t  b r id g e  th e  ga p s  in  t h e  d is c r e t e  
a u ro ra s  s u g g e s t t h a t  th e  r a t h e r  d is c o n t in u o u s  s t a t i s t i c a l  a u r o r a l  
d i s t r i b u t i o n  o b ta in e d  by Lassen (1 9 6 9 ) f o r  th e  e v e n in g  and
m o rn in g  t im e  s e c to r s  may be a v is u a l  t h r e s h o ld  p ro b le m  and
n o t  a p h y s ic a l r e a l i t y  as s u g g e s te d  by M is h in  e t  a l . ( 1 9 7 0 ) .
T h e .a  Iig n m e n t o f  a u r o r a l  a rc s  has been s t u d ie d  in  d e t a i l  
s in c e  th e  IGY (D enho lm , 1961; D a v is ,  1962; F e id s t e in ,  1963; 
S t r in g e r  and B e lo n , 1967; G u s ta fs s o n , 1967; L a s s e n , 1 9 7 0 ). In
th e  m ost r e c e n t  s tu d y ,  a u r o r a l  d a ta  a c q u ire d  fro m  an  a i r c r a f t  
o b s e rv in g  p la t fo r m  w ere  used by A k a s o fu  e t  a I . ,  (1 9 7 2 )  t o  show 
a c o n t in u o u s  p a t te r n  o f  q u ie t  a u ro ra  I a r c  p o s i t io n s  and a lig n m e n ts  
t h a t  a r e  c o n s is te n t  w i t h  t h e  F e ld s te in  and S ta r k o v  (1 9 6 7 ) 0 = 3
s t a t i s t i c a l  a u ro ra l o v a l .  A k a s o fu  e t  a I . ,  (1 9 7 2 ) c o n c lu d e
t h a t  t h e i r  a u ro ra l a r c  p o s i t io n  and a l ig n m e n t  d a ta  a g re e  w ith  
t h e  c o n c e p t o f  a c o n t in u o u s  a u ro ra !  o v a l .
G round-based a u r o r a l  o b s e r v a t io n s  th ro u g h  t h e  v is u a l  
a tm o s p h e r ic  r a d ia t io n  w indow  w i l l  a lw a y s  be ham pered  a t  t im e s  
by w e a th e r ,  d i r e c t  s u n l i g h t ,  t w i l i g h t  and m o o n l ig h t .  B a te s  
e t  a 1. ,  (1 9 6 6 , 1959) have shown a c lo s e  c o r re s p o n d e n c e  b e tw een  
sweep fre q u e n c y  HF a u r o r a l  b a c k s c a t te r  r a d a r  e c h o e s  and v is u a l  
a u r o r a s .  B a te s  (1 9 6 6 ) s u g g e s te d  th e  i n s t a l l a t i o n  o f  an a u r o r a l
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5r a d a r  a t  each m agne+ ic p o le  t o  p e r m it  a c o m p re h e n s iv e  s tu d y  
o f  th e  a u r o r a l  o v a l ,  th u s  c ir c u m v e n t in g  u n fa v o r a b le  w e a th e r  
and l i g h t i n g  c o n d i t io n s .  The ra d a rs  a re  now o p e r a t in g  a t  R e s o lu te  
Bay in  th e  n o r th e rn  h e m is p h e re  and a t  McMurdo S t a t io n  in  th e  
s o u th e rn  h e m is p h e re . F i r s t  r e s u l t s  C B a te s , 1972) show t h a t  
th e  a u ro ra !  ra d a r  d a ta  y i e ld  th e  lo c a t io n  o f  th e  in s ta n ta n e o u s  
a u r o r a l  o v a l w ith  a re a s o n a b le  te m p o ra l and s p a t ia l  r e s o lu t io n .
The m ain p u rp o se s  o f  th e  w o rk  d e s c r ib e d  in  C h a p te rs  2 ,
3 and 4 a re  t o  exam ine  th e  dyn a m ics  o f  th e  a u ro ra s  t h a t  c o m p ris e  
th e  a u r o r a l  b e l t  and to .d e m o n s t r a te  th e  v a lu e  in  o r d e r in g  h ig h  
l a t i t u d e  io n o s p h e r ic  phenomena r e l a t i v e  t o  t h i s  b e l t .  N e v e r th e le s s ,  
c e r t a in  a s p e c ts  o f  th e s e  s tu d ie s  b o r d e r  on t h e  q u e s t io n  o f  
th e  c o n t in u i t y  o '  th e  a u r o r a l  o v a l ;  w h e re  a p p r o p r ia te ,  comments 
w i l l  be made and th e n  sum m arized  in  C h a p te r  5 .
1 .1 .2  The A u ro ra l S u b s to rm
As m e n tio n e d  in  S e c t io n  1 .1 .1 ,  t h e  I GY a l l - s k y  cam era 
n e tw o rk  p ro v id e d  th e  d a ta  base f o r  tw o  s i g n i f i c a n t  r e s u l t s .
The second o f  th e s e  tw o  r e s u l t s  was th e  d e v e lo p m e n t o f  th e  
c o n c e p t o f  th e  a u ro ra l s u b s to rm . T h is  c o n c e p t has o rd e re d  th e  
d i f f e r e n t  and co m p le x  a u r o r a l  fo rm s  and d is p la y s  i n t o  a su b s to rm  
and lo c a l - t im e  c o o r d in a te  fra m e w o rk  w i th ? n  th e  a u r o r a l  o v a l 
(A k a s o fu ,  1964; F e ld s te in  and S ta rk o v ,  1 9 6 7 ).
P r i o r  t o  th e  p o s t-1  GY p e r io d  i t  was re c o g n iz e d  t h a t  a .
c lo s e  r e la t io n s h ip  e x is te d  b e tw een  a u r o r a l  d is p la y s  and p o la r  
m a g n e tic  d is tu rb a n c e s  ( c f .  H a ra n g , 1951; H e p p n e r, 1 9 5 4 ). H ow ever, 
a t  t h a t  t im e  th e  u n d e rs ta n d in g  o f  th e  ia r g e - s c a le  a u ro ra l d is p la y
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o v e r  th e  e n t i r e  p o la r  r e g io n  was d o m in a te d  by th e  c o n c e p t o f  
a f ix e d  p a t te r n  o f  a u ro ra l a c t i v i t y  u n d e r w h ic h  th e  e a r th  r o ta te s  
o n c e -p e r -d a y . T h is  c o n c e p t e v o lv e d  fro m  th e  f in d in g  t h a t  c h a r a c t e r i s t i c  
a u ro ra l fo rm s s t a t i s t i c a l l y  d o m in a te  s p e c i f i c  lo c a l t im e  s e c to r s :  
q u ie t  homogeneous a rc s  in  th e  e v e n in g , a c t ' iv e  ra ye d  a rc s  and 
bands nea r mi a n ig h t  and d i f f u s e  a u r o r a l  s u r fa c e s  o r  pa tch e s  
i n th e  m o rn in g .
A n a ly s is  o f  s im u lta n e o u s  a l l - s k y  cam era p h o to g ra p h s  ta k e n  
fro m  a number o f  I GY o b s e r v a t io n s  re v e a le d  (A k a s o fu ,  1964) t h a t  
th e  s t a t i s t i c a l  t re a tm e n t  o f  a u r o r a l  d a ta  t o  d e te rm in e - th e  ■
la rg e  s c a le  m o rp h o lo g y  o f  a u r o r a l  d is p la y s  was in c o r r e c t .  A ka so fu  
d e te rm in e d  t h a t  q u ie t  a u ro ra l fo rm s  c o u ld  be fo u n d , d u r in g  
m a g n o io q u ic - t. in  a ! !  t im e  s e c to r s  o f  th e  n ig h t  h a l f  o f  th e  
a u ro ra !  o v a l .  He f u r t h e r  fo u n d  t h a t  th e  b reakdow n o f  th e  q u ie t  
a u ro ra l c o n d i t io n  b e g in s  n e a r lo c a l m a g n e tic  m id n ig h t  and expands 
in  a l l  d i r e c t io n s .  The r e s u l t  o f  t h i s  e x p a n s iv e  a c t i v i t y  is  
th e  w es tw ard  t r a v e l in g  s u rg e  o f  th e  e v e n in g  s e c t o r  (A ka so fu  
e t  a I . ,  1965) and th e  a c t i v e  a u r o r a l  fo rm s  o f  th e  m id n ig h t 
and m o rn in g  s e c to rs  t h a t  w ere  i d e n t i f i e d  p r e v io u s ly  and in c o r r e c t l y  
w i th  a f ix e d  p a t te r n  o f  a u r o r a l  a c t i v i t y .  F o l lo w in g  th e  t r a n s ie n t  
a u ro ra l d is tu r b a n c e ,  q u ie t  a u r o r a l  c o n d i t io n s  r e tu r n  t o  th e  
a u ro ra l o v a l .  T h is  sequence o f  a u r o r a l  a c t i v i t y  was term ed 
by D r. Sydney Chapman ( c f .  A k a s o fu ,  1968) as th e  " a u r o r a l  s u b s to rm " .
A f u l l  summary o f  th e  n ig h t  s e c t o r  a u ro ra  I s u b s to rm  may be 
fo u n d  in  A k a s o fu  (1 9 6 5 , 1 9 6 6 ). M ore r e c e n t ly  th e  a u ro ra l su b s to rrn  
c o n c e p t has been e x te n d e d  t o  th e  day s e c t o r  o f  th e  a u ro ra l
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ova ! by S ta rk o v  and F e ld s te in  (1 9 6 7 a ) and F e ld s te in  and S ta rk o v
(1 9 6 7 ) .  '
T h e re  a re  s e v e ra l c o n s id e r a t io n s  and fa c e ts  o f  th e  a u ro ra l 
su b s to rm  t h a t  a re  im p o r ta n t  t o  m e n tio n  f o r  t h e i r  c o n n e c t io n  
w i th  th e  d is c u s s io n s  t h a t  f o l l o w .  F i r s t ,  th e  o c c u r re n c e  o f  
an a u ro ra l su b s to rm  is  in d e p e n d e n t o f  lo c a l  t im e ;  how eve r, 
th e  n a tu re  o f  th e  s u b s to rm  a u ro ra s  is  s t r o n g ly  dep e n d e n t upon 
lo c a l t im e  ( c f .  A k a s o fu , 1 9 6 8 ). S econd, w h i le  an a u r o r a l s u b s to rm  
does a l t e r  th e  dynam ics o f  th e  a u ro ra s ,  th e  s u b s to rm  o c c u rs  
w i t h in  th e  c o n c e p t o f  th e  a u r o r a l  o v a l ( F e ld s te in  and S ta rk o v , 
1 9 6 7 ). _
I . I .3  G enera l Dynam ics o f  th e  A u ro ra l Oval
The c h a r a c t e r i s t i c s  c f  th e  a u ro ra s  t h a t  c o m p ris e  th e  
a u r o r a l o v a l a re  d e s c r ib e d  we I '  in  th e  s u b s to rm  c o n c e p t.  H ow ever, 
because o f  th e  la c k  o f  co m p re h e n s iv e  d a ta ,  t h e r e  is  i n s u f f i c i e n t  
e v id e n c e  a v a i la b le  t o  u n d e r ta k e  case  s tu d ie s  o f  th e  dynam ic 
c h a r a c te r  o f  th e  e n t i r e  a u r o r a l  o v a l o r  even a s i g n i f i c a n t  
f r a c t i o n  t h e r e o f .  F o r t h i s  re a s o n  th e  g e n e ra l dynam ics  o f 
th e  a u r o r a l  o v a l have been a ssem b led  fro m  ca se  s tu d ie s  in  n a rro w  
t im e  s e c to r s  o r  th ro u g h  th e  s t a t i s t i c a l  c o l l a t i o n  o f  a u ro ra l 
d a ta  fro m  a l l  lo c a l t im e s .
R u ss ia n  s c ie n t i s t s  have been le a d e rs  in  th e  s t a t i s t i c a l  
s tu d y  o f  th e  v a r ia t io n s  in  th e  s p a c e - t im e  d i s t r i b u t i o n  o f  a u ro ra s .  
F e ld s te in  and S ta rk o v  (1 9 6 7 ) ,  in  t h e i r  c la s s ic  w o rk , d e te rm in e d  
fro m  I GY d a ta  th e  mean p o s i t io n  o f  th e  b o u n d a r ie s  o f  th e  a u ro ra !  
o v a l f o r  d i f f e r e n t  t im e  s e c to r s  and f o r  d i f f e r e n t  le v e ls  o f
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th e  m id n ig h t  s e c to r  0 in d e x  ( B a r t e ls ,  1 9 5 7 ). T h e i r  b a s ic  w ork 
has been fo l lo w e d  by s e v e ra l re f in e m e n ts .  S ta rk o v  and F e ld s te in
(196 8 ) d e te rm in e d  fro m  IGY d a ta  th e  m id n ig h t  s e c to r  b o u n d a r ie s  
o f  th e  a u ro ra l o v a l as a fu n c t io n  o f  Q and D ^ .  S ta rk o v  and 
F e ld s te in  (1968) compared th e  m id n ig h t  s e c to r  a u ro ra l o v a l 
b o u n d a r ie s  d u r in g  th e  IGY and th e  IQSY; t h e i r  r e s u l t s  re v e a le d  
a p p ro x im a te ly  a tw o  degree  p o le w a rd  l a t i t u d e  s h i f t  o f  th e  IQSY 
o v a l b o u n d a r ie s  f o r  Q > I .
The r e s u l t s  o f  th e  s t a t i s t i c a l  s tu d ie s  o f  a u r o r a l  d is t r ib u t io n s  
d u r in g .v a r y in g  le v e ls  o f  m a g n e tic  a c t i v i t y  have  shown th e  f o l lo w in g :  
I ) .  The s p a t ia l  d i s t r i b u t i o n  o f  a u ro ra s ,  in  an o v a l b e l t ,  is  
p re s e rv e d  f o r  a l l  le v e ls  o f  m a g n e tic  a c t i v i t y .  2 ) .  The low 
la t i t u d e  b o u n d a r ' o f  th e  a u r o r a l  o v a l moves e q u a to rw a rd  w ith  
an in c re a s e  in  th e  m a g n e tic  d is tu r b a n c e  le v e l .  3 ) .  The l a t i t u d in a l  
w id th  o f  th e  n ig h t  s e c to r  a u r o r a l  o v a l in c re a s e s  w i th  in c re a s in g  
Q; ho w e ve r, th e  p o le w a rd  b o u n d a ry  moves e q u a to rw a rd  w i th  an 
in c re a s e  in  D ^ . (m ore n e g a t iv e ) .
Numerous case  s tu d ie s  ( e . g . , A k a s o fu  and Chapman, 1963;
S t r in g e r  e t  a 1. ,  1965; S t r in g e r  and B e lo n , 1967; Chubb and 
H ic k s ,  1 970 ), b u t  l im i t e d  in  lo c a l t im e ,  h ave  c o n s id e re d  th e  
"g e o m e try "  o r  th e  p o s i t io n  o f  th e  a u r o r a l  o v a l in  r e l a t i o n  
t o  v a r io u s  g e o m a g n e tic  in d ic e s  ( D ^ ,  K ^, and lo c a l K ) . The 
case  s tu d ie s  in  g e n e ra l a g re e  w ith  th e  s t a t i s t i c a l  r e s u l t s ;  
as m a g n e tic  a c t i v i t y  in c re a s e s , v is u a l  a u ro ra s  o c c u r  a t  p r o g r e s s iv e ly  
lo w e r la t i t u d e s .
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9The p rim e  in t e r e s t  in  a u ro ra !  m o rp h o lo g y  d u r in g  th e  p a s t  
15 y e a rs  has been in  th e  d e te r m in a t io n  o f  g e n e ra l s u b s to rm  
c h a r a c t e r i s t i c s ,  o c c u r re n c e  f r e q u e n c y ,  s p a t i a l  d i s t r i b u t i o n ,  
and v a r ia t io n s  in  th e  g e n e ra l s p a t ia l  d i s t r i b u t i o n s  w i th  changes 
in  m a g n e tic  a c t i v i t y .  The same 15 y e a r  p e r io d  has  been m arked 
by th e  ra p id  d e v e lo p m e n t c f  th e  i n t o r d i s c i p ! I  n a ry  s c ie n c e  o f  
m a g n e to s p h e r ic  p h y s ic s .  U n d o u b te d ly  th e  e x te n s io n  o f  th e  o b s e rv a t io n a l 
dom a in  by s a t e l l i t e s  has been in s t r u m e n ta l  in  t h i s  r a p id  p ro g re s s .  
H ow ever th e  c o n c e p ts  o f  th e  a u r o r a l  o v a l and  th e  a u r o r a l  s u b s to rm  
have  a ls o  c o n t r ib u te d  s i g n i f i c a n t l y .  B ecause o f  t h e  c lo s e  
r e la t io n s h ip  t h a t  e x is t s  be tw een th e  a u r o r a  and th e  u p p e r  a tm o sp h e re  
and i t s  e x te n s io n  in t o  th e  m a g n e to s p h e re , th e  c o n t in u in g  d e ta i le d  
s tu d y  o f  a u ro ra l m o rp h o lo g y  w i l l  a id  in  t h e  f u r t h e r  u n d e rs ta n d in g  
o f  t h e  dynam ics o f  th e  m a g n e to sp h e re .
1 .2  SYNOPTIC PATTERN OF THE HIGH LATITUDE IONOSPHERIC F2-LAYER
1 .2 .1  S y n o p t ic  S tu d ie s  fro m  S a t e l l i t e  D a ta  .
The In te r n a t io n a !  G e o p h y s ic a l Y e a r  and  t h e  I n t e r n a t io n a !
Y e a rs  o f  th e  O u ie t  Sun in c lu d e d  a g r e a t  e m p h a s is  on th e  d e te r m in a t io n  
o f  a s e l f - c o n s is t e n t  s y n o p t ic  p a t te r n  o f  t h e  h ig h  l a t i t u d e  
io n o s p h e re .  Toward t h i s  e n d , many g ro u n d -b a s e d  io n o s o n d e s  
w e re  o p e ra te d . A lth o u g h  an a s to n is h in g  am o u n t o f  d a ta  was 
re c o rd e d , a u n i f ie d  p a t t e r n  o f  th e  h ig h  l a t i t u d e  io n o s p h e re  
was n o t d e te rm in e d  fro m  th e s e  d a ta .  R a th e r ,  t h e  r e s u l t s  fro m  
th e  h ig h e r  d e n s i ty  o f  o b s e r v a to r ie s  re v e a le d  f r e q u e n t  and s i g n i f i c a n t  
d i s s i m i l a r i t i e s  among d a ta  fro m  a d ja c e n t  s t a t i o n s .
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H ow ever, even  p r i o r  +o th e  IQSY, d a ta  w e re  b e in g  a c q u ire d  
t h a t  w ou ld  p r o v id e  a new c o n c e p tu a l u n d e rs ta n d in g  o f  th e  h ig h  
l a t i t u d e  io n o s p h e r ic  F - r e g io n .  On S e p te m b e r 2 9 , 1962, th e  
A lo u e t te  I s a t e l l i t e  (C a n a d ia n  b u i l t  and A m e rica n  la unched ) 
was in je c te d  in t o  a n e a r p o la r  c i r c u l a r  o r b i t  1030 k i lo m e te rs  
above  th e  e a r t h .  S a t e l l i t e  in s t r u m e n ta t io n  in c lu d e d  a to p s id e  
io n o s p h e r ic  s o u n d e r t h a t  o p e ra te d  fro m  0 . 5  t o  1 1 .5  .MHz (N elm s,
1 9 6 4 ). D ata  fro m  t h i s  s a t e l l i t e  and f o l lo w - o n  s a t e l l i t e s  o f  
t h e  A lo u e t te  and th e  IS IS  s e r ie s  h a ve  d e f in e d  th e  g e n e ra l s t r u c t u r e  
o f  th e  to p s id e  io n o s p h e re  as a f u n c t io n  o f  l a t i t u d e ,  lo c a l 
t im e  and s e a s o n .
In. r e t r o s p e c t ,  th e  A lo u e t te  io n o s p h e r ic  d a ta  have a ls o  
p ro v id e d  th o  n e c e s s a ry  i n s ig h t  t o  u n d e rs ta n d  th e  o r i g i n a l  d i f f i c u l t i e s  
in  th e  i n t e r p r e t a t i o n  o f  g ro u n d  a c q u ire d  io n o g ra m s  (Thomas 
and A ndrew s, 1 9 6 9 ). F i r s t ,  th e  s p a c in g  be tw e e n  th e  ionosondes  
was to o  g r e a t  t o  d e te rm in e  th e  f i n e  s t r u c t u r e  o f  t h e  io n o s p h e re ; 
and  se co n d , th e  d a ta  t h a t  m ig h t ha ve  i d e n t i f i e d  th e  la rg e  s c a le ,  
r a t h e r  s h a r p ly  d e f in e d ,  e a s t - w e s t  a l ig n e d  t r o u g h s  and r id g e s  
o f  F - r e g io n  i o n iz a t io n  w ere  g e n e r a l ly  o v e r lo o k e d  —  a g a in  because 
o f  th e  la c k  o f  c o r r o b o r a to r y  e v id e n c e  fro m  a d ja c e n t  s t a t io n s .
A lo u e t t e ’ s p o la r  o r b i t  and i t s  d a ta  g a th e r in g  r a te  o f  
o ne  io nog ram  p e r d e g re e  o f  l a t i t u d e  p r o v id e d  th e  s p a t ia l  r e s o lu t io n  
and th e  l a t i t u d e  p r o f i l e s  n e c e s s a ry  f o r  t h e  d is c o v e r y  o f  th e  
m a in  F - la y e r  t r o u g h .  Mu I drew  (1 9 6 5 ) in  t h e  f i r s t  m a jo r  in v e s t ig a t io n  
co n c lu d e d  t h a t  t h e  t ro u g h  was an a n n u la r  r e g io n  o f  r e l a t i v e l y  
low F - la y e r  io n iz a t io n  t h a t  i s  a l ig n e d  a p p r o x im a te ly  in  a m a g n e tic
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e a s t-w e s t d i r e c t i o n .  Mu I drew  ( i b i d ) was a b le  t o  i d e n t i f y  th e  
tro u g h  be tw een a p p ro x im a te ly  1400 h o u rs  and 0700 h o u rs  lo c a l 
t im e  and t o  show t h a t  i t  c h a r a c t e r i s t i c a  I ly  s h i f t s  from  n, 74°
CGL a t  1400 h o u rs  t o  ^  6 0 °  a t  0000 h o u rs  and s h i f t s  back p o le w a rd  
to  -v 63 ° a t  0700 h o u rs ; he a ls o  showed t h a t  t h e  tro u g h  s h i f t s  
e q u a to rw a rd  w ith  in c r e a s in g  K _ .
T u lu n a y  and S aye rs  (1 9 7 1 ) ,  in  an e x te n s iv e  s t a t i s t i c a l  
t r e a tm e n t  o f  th e  m ain tro u g h  d a ta  o b ta in e d  by A r ie l  I I I ,  v e r i f i e d  
and r e f in e d  th e  w o rk  o f  p r e v io u s  s tu d ie s  ( e . g . ,  Mu I d rew , 1965; 
S h a rp , 1966; C a lv e r t ,  1966; H agg, 1967; C a rp e n te r ,  1 9 6 6 ). S e ve ra l 
r e s u l t s  (T u lu n a y  and S a y e rs , 1971) a re  im p o r ta n t  t o  n o te  f o r  
t h e i r  c o n n e c t io n  w i th  th e  m a te r ia l  p re s e n te d  in  C h a p te rs  3 and
.. I .  S e a s o n a lly ,  th e  t ro u g h  o c c u r re n c e  i s  m ost f r e q u e n t  
i n w in t e r .
2 . D iu r n a l l y ,  th e  t ro u g h  o c c u r re n c e  i s  m ost p ronounced 
in  th e  e a r ly  m o rn in g  h o u rs .
3 . The g r a d ie n t  o f  e le c t r o n  d e n s i t y  i s  n o rm a lly  g r e a te r  
on th e  p o le w a rd  s id e  o f  th e  t ro u g h  th a n  on th e  e q u a to rw a rd  
s id e .
4 .  The t ro u g h  w id th  d e c re a s e s  w i th  in c r e a s in g  and 
is  d e p e nden t upon lo c a l t im e  -  b e in g  g r e a te s t  in  th e  e a r ly  
m o rn in g  and th e  la te  e v e n in g  h o u rs .
Thomas and D u fo u r  (1 9 6 5 ) su g g e s te d  t h a t  th e  e q u a to rw a rd  
edge o f  th e  m ain t ro u g h  re p re s e n ts  th e  t e r m in a t io n  o f  th e  norm al 
s o la r -p ro d u c e d  io n o s p h e r ic  F - la y e r  and t h a t  t h e  p o le w a rd  tro u g h
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" w a l l "  is  fo rm ed by a u ro ra l io n iz a t io n .  The c h a r a c t e r i s t i c s  
o f  th e  p o lew ard  tro u g h  w a l l  a re  a ls o  o f  s p e c ia l  i n t e r e s t  in  
c o n n e c t io n  w ith  th e  to p ic s  o f  C h a p te rs  3 and 4 .
Thomas and Andrews (1 9 6 9 ) showed t h a t  th e  g e n e ra l l a t i t u d i n a l  
d e c re a se  in  th e  maximum e le c t r o n  d e n s i ty  o f  th e  F - la y e r  i s  
: r t e r r u p f o r f . i r  w in te r  by a s u p e rp o s ; + io n  o f  i o n i z a t ’o n  .enhancem ent^ 
t h a t  a re  ex te n d e d  in  lo n g itu d e  w ith  a l a t i t u d i n a l  w id th  o f  
a p p ro x im a te ly  f i v e  t o  te n  d e g re e s . The c o m b in a t io n  o f  th e  
g e n e ra l decrease  o f  i o n iz a t io n  and th e  a u r o r a l  io n iz a t io n  enhancem ents 
r e s u l t s  in  a m e r id io n a l d i s t r i b u t i o n  o f  i o n iz a t io n  w h ic h  has 
a s h a rp  minimum t h a t  c o rre s p o n d s  t o  th e  m a in  t r o u g h .  To a f i r s t  
a p p ro x im a t io n , th e  p o le w a rd  tro u g h  w a ll  i s  fo rm ed  by a q u a s i-  
s t a t io n a r y ,  c i r c u m p o la r  "p la sm a  r in g "  o f  h ig h e r  d e n s ity  u n de r 
w h ich  th e  e a r th  r o ta te s  (Thomas and A n d re w s , 1969; Andrews 
and Thomas, 1 9 6 9 ). As in  th e  case  o f  th e  m a in  t r o u g h ,  th e  
p lasm a r i n g ’ s l a t i t u d i n a l  p o s i t io n  i s  a s s o c ia te d  w i th  th e  g e o m a g n e tic  
d is tu rb a n c e  le v e l .  The low l a t i t u d e  b o u n d a ry  o f  th e  plasm a 
r in g  moves e q u a to rw a rd  w ith  in c r e a s in g  m a g n e tic  a c t i v i t y ;  th e  
p o s i t io n  o f  th e  p o le w a rd  b o u n d a ry , w h i le  m ore v a r ia b le ,  moves 
a ls o  to  lo w e r la t i t u d e s  w i th  in c r e a s in g  f o r  m o d e ra te  g e o m a g n e tic  
a c t i v i t y  (Thomas and A ndrew s, 1 9 6 9 ). P o le w a rd  o f  th e  p lasm a 
r in g  is  a n o th e r  low e le c t r o n  d e n s i ty  F - r e g io n  s e c to r  c a l le d  
th e  p o la r  c a v i t y  ( i b i d ) .
W h ile  n o t o f  p r im e  in t e r e s t  f o r  th e  f o l lo w in g  c o n s id e r a t io n s ,  
a U n iv e rs a l t im e  e f f e c t  has been o b s e rv e d  in  th e  h ig h  l a t i t u d e  
io n o s p h e re  ( e . g . ,  D uncan, 1962; Thomas e t  a I . ,  1966, MaehI urn,
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1968, 1 9 6 9 ). MaenI urn (19 5 8 ) has s u g g e s te d  t h a t  th e  U n iv e rs a l 
t im e  e f f e c t  may be due t o  th e  "w o b b le "  o f  t h e  g e o m a g n e tic  a x is  
w i th  re s p e c t t o  th e  s o la r  w in d . T h is  w obb le  may a ls o  a c c o u n t ■
p a r t i a l l y  f o r  seasona l e f f e c t s  o b se rve d  in  th e  p o la r  io n o s p h e re  
( ib ic l ) .  The U n iv e rs a l t im e  e f f e c t  a l t e r s  th e  d e g re e  b u t n o t 
th e  c h a ra c te r  o f  t h e  s y n o p t ic  p a t te r n  o f  th e  h ig h  l a t i t u d e  
io n o s p h e re .  T h is  e f f e c t  is  a second o r d e r  c o n s id e r a t io n  f o r  
th e  p re s e n t  s tu d ie s  o f  th e  s u b s to rm  t im e  v a r ia t io n s  o f  th e  
io n o s p h e r ic  F - r e g io n .
In  summary, th e  to p s i-d e  io n o s p h e r ic  o b s e r v a t io n s  fro m  
s a t e l l i t e s  have id e n t i f i e d  th r e e  g ro s s  fe a tu r e s  t h a t  co m p ris e  
th e  s y n o p t ic  p a t te r n  c f  th e  h ig h  l a t i t u d e  io n o s p h e r ic  F - la y e r :
! .  The F - la y e r-  p lasm a r in g  - -  a s s o c ia te d  s p a t i a l l y  and 
te m p o r a l ly  w ith  th e  a u ro ra l p r e c ip i t a t i o n  r e g io n .
2 . The main F - la y e r  t ro u g h  —  e q u a to rw a rd  o f  th e  p lasm a
r in g .
3 . The F - la y e r  p o la r  c a v i t y  —  p o le w a rd  o f  th e  p lasm a
r in g .
1 .2 .2  C o n t r ib u t in g  S tu d ie s  o f  B o tto m s id e  Io n o so n d e  Data
As m entioned  in  th e  p re v io u s  s e c t io n ,  t h e  s y n o p t ic  in t e r p r e t a t io n  
o f  g round  a c q u ire d  ion o so n d e  d a ta  was v i r t u a l l y  im p o s s ib le  p r i o r  t o  
th e  " d is c o v e r ie s "  t h a t  were made w ith  th e  to p s id e  s a t e l l i t e  
d a ta .  New o b s e rv a t io n a l te c h n iq u e s  ( e . g . ,  in c o h e re n t  b a c k s c a t te r  
and h ig h  fre q u e n c y  b a c k s c a t te r )  can a ls o  p r o v id e  d e t a i le d  m easurem ents 
o f  io n o s p h e r ic  p a ra m e te rs . B u t,  th e  v a s t  am ount o f  a round  
a c q u ire d  ionosonde d a ta ,  th e  number o f  io n o s o n d e s  s t i l l  b e in g
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o p e ra te d  c o u p le d  w ith  s e v e ra l re c e n t  s tu d ie s  c o m p le te d  w i t h  
th e s e  d a ta  may a g a in  l iv e n ’ i n t e r e s t  in  th e  io n o s o n d e  as an 
e f f e c t i v e  p ro b e  o f  th e  io n o s p h e re ,  th e  a u ro ra  and  th e  m a g n e to s p h e re .
The re c e n t  a ir b o r n e  io n o s p h e r ic  and a u r o r a l  s t u d ie s  by 
th e  A i r  F o rc e  C am bridge  R esearch  L a b o r a to r ie s  g ro u p  (c f_ . W halen 
e t  a i . ,  1971; P ik e , 197 Ib ; 'W a g n e r  and P ik e ,  1971; Buchau e t  a I . ,  
1972) have  gone f a r  to  d i r e c t  a t t e n t io n  to w a rd  io n o s o n d e  d a ta  
f o r  th e  i n t e r d i s c i p l i n a r y  s tu d y  o f  th e  h ig h  l a t i t u d e  io n o s p h e re  
and in t e r r e la t io n s h ip s  be tw een th e  io n o s p h e re ,  t h e  a u r o r a  and 
th e  m a g n e to s p h e re . The w o rk  o f  t h i s  g ro u p  has i d e n t i f i e d  th e  
t o p s id e  o b s e rv e d  F - la y e r  p lasm a r in g  on b o tto m s id e  io n o g ra m s  
and has e s ta b l is h e d  t h a t  th e  F - la y e r  p o l.a r  c a v i t y  i s  common 
t o  b o th  o b s e r v a t io n s . They have  fu r v h e r  e s ta b l is h e d  s e v e r a l ' 
r e la t io n s h ip s  betw een io n o s p h e r ic  and a u r o r a l  p a ra m e te rs .  These 
a s p e c ts  w i l l  be c o n s id e re d  in  l a t e r  c h a p te r s .
The mobi l i t y  o f  th e  a i r c r a f t  and t h e  r a p id  a r e a l  c o v e ra g e  
by th e  s a t e l l i t e  a re  a d v a n ta g e s  t h a t  re n d e r  th e s e  p la t f o r m s  
u s e fu l f o r  g a th e r in g  h ig h  la t i t u d e  io n o s p h e r ic  d a ta .  B u t ,  
t h e  g ro u n d -b a s e d  io n o so n d e  and th e  i n s ig h t  o f  t h e  w o rk e rs  who 
have s tu d ie d  th e s e  d a ta  have  been e s s e n t ia l  t o  t h e  g r e a t e r  
u n d e rs ta n d in g  o f  th e  h ig h  la t i t u d e  io n o s p h e re  t h a t  i s  now e v o lv in g .
B u rk a rd  (1 9 4 8 ) ,  in  a l i t t l e  re c o g n iz e d  b u t  s i g n i f i c a n t  
re s e a rc h  n o te ,  d is c u s s e d  w ha t he c a l le d  th e  " s p o r a d ic  F - la y e r "  
o b s e rv e d  a t  TromsszS ( 6 7 . I ° N  CGL). In  th e  c o n te x t  o f  t h e  c u r r e n t  
te r m in o lo g y  and u n d e rs ta n d in g , B u rk a rd  o b s e rv e d  d u r in g  w in t e r  
n ig h ts  th e  f re q u e n t  e n c ro a ch m e n t o f  t h e  p o le w a rd  w a l l  o f  th e  
m a in  F - la y e r  t ro u g h  o v e r  Tromss6 . He a ls o  s u g g e s te d  t h a t  a p o s s ib le
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r e la t io n s h ip  between th e  appearance o f  t h i s  ia y e r  and m agnetic 
a c t i v i t y  shou ld  no t be d ism isse d . However, th e  p o s s ib le  r e la t io n s h ip  
w ith  m eteor showers, suggested by o th e r  w o rk e rs , was n o t suppo rted  
by h is  da ta  ( ib id ) .
Meek (1553, 1954b) s tu d ie d  th e  r e la t io n s h ip s  between m a g n e tic , 
a u ro ra l and io n o s p h e r ic  v a r ia t io n s  a t  Saskatoon (6 I .5 ° N  CGL).
He conc luded th a t  th e  c r i t i c a l  frequency  o f  th e  io n o s p h e r ic  
F - la y e r  decreases r e g u la r ly  th ro u g h  a q u ie t  n ig h t ;  however, 
when th e re  is  m agnetic d is tu rb a n c e , th e  c r i t i c a l  frequency  
o f th e  F - la y e r  is  h ig h e r than  norma 1. Meek’ s o b s e rv a tio n s  are 
c o m p a tib le  w ith  th e  in te r p r e ta t io n  g iv e n  to  B u rk a rd 's .  M eek's 
w ork was one o f  th e  f i r s t  e f f o r t s  t o  s tu d y  in  d e ta i l  th e  h igh  
la t i t u d e  F - la y e r  v a r ia t io n s  a s s o c ia te d  w ith  a u ro ra l and p o la r  
m agne tic  d is tu rb a n c e s .
In  a s tudy  s im i la r  t o  th o se  o f  B u rka rd  (1948) and Meek 
(1953, 1954), Bel I chambers e t  a I . , (1 9 6 2 )  c o n s id e re d  Ha 11ey 
Bay (6 1 .4°S CGL) io n o s p h e r ic  d a ta ; th e y  no ted  th e  same F - la y e r  
phenomena as were observed a t  Tromsi3 and S aska toon . Bel I chambers 
e t  a I . ,  (1952) noted th a t  on d is tu rb e d  days a new io n o s p h e r ic  
F - la y e r  appeared in  th e  e a r ly  e ven ing  and ’’ re p la c e d "  th e  o ld  
la y e r ;  however, on q u ie t  days th e  " re p Ia c e m e n t- la y e r "  remained 
po lew ard  o f H a ile y  Bay th ro u g h o u t th e  n ig h t .  .
S ta n le y  (1966) was one o f  th e  f i r s t  w o rke rs  to  in te r p r e t  
w in te r  n ig h t  a u ro ra l zone F - la y e r  ionograms in  th e  c o n te x t 
o f  th e  main F - la y e r  tro u g h ; he showed th a t  o b l iq u e  F - la y e r  
echoes from  th e  po lew ard w a ll o f th e  main F - la y e r  tro u g h  move
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to w a rd  a u ro ra !  zone la t i t u d e  s t a t io n s  in  a r e g u la r  m anner a lm o s t 
e v e ry  n ig h t .  S ta n le y  ( i b i d ) a ls o  showed t h a t  t y p i c a l  w in te r  
n ig h t  IQSY v a lu e s  o f  th e  F - la y e r  c r i t i c a l  f re q u e n c y  a t  C o lle g e  
w e re  n e a r and a t  t im e s  le s s  th a n  one m e g a h e rtz .
Bowman (1959) n o te d , fro m  h is  s tu d ie s  o f  E l ls w o r th  (6 2 .6 °S  
CGL) ionosonde  d a ta  t h a t  in  th e  n ig h t  h o u rs  b e fo r e  2200 (m a g n e tic  
t im e )  th e  r o t a t io n  o f  th e  e a r th  seemed t o  p ro d u c e  an a p p a re n t 
e q u a to rw a rd  movement o f  th e  m ain F - la y e r  t ro u g h  r e l a t i v e  to  
a s t a t io n a r y  o b s e rv e r .
T o g e th e r  th e  p r i o r  s tu d ie s  o f  s a t e l l i t e ,  a i r c r a f t  and 
g ro u n d -a c q u ire d  d a ta  s u p p o r t  th e  c o n c lu s io n  t h a t  t h e  s y n o p t ic  
p a t te r n  o f  th e  h ic h  la t i t u d e  io n o s p h e r ic  F - la y e r  c o n s is t s  o f  
a c ir c u m p o la r  r in g  o 'f enhanced e le c t r o n  d e n s i t y  bounded on 
th e  e q u a to rw a rd  s id e  by th e  m ain F - la y e r  t r o u g h  ( i  l l - d e f in e d  
u n d e r s u n l i t  c o n d i t io n s )  and on th e  p o le w a rd  s id e  by t h e  p o la r  
c a v i t y .  F u r th e r ,  th e s e  io n o s p h e r ic  fe a tu r e s  a re  a p p ro x im a te ly  
f ix e d  w ith  re s p e c t t o  th e  s u n , and th e y  e x h i b i t  te m p o ra l and 
s p a t ia l  v a r ia t io n s  a s s o c ia te d  w ith  ch a n g in g  m a g n e t ic  c o n d i t io n s .
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CHAPTER 2
MAGNETIC MERIDIAN OBSERVATIONS OF AURORAS 
A h ig h  la t i t u d e  m a g n e tic  m e r id ia n  c h a in  o f  o b s e r v a to r ie s  
p e rm its  a s y s te m a tic  e x a m in a tio n  o f  th e  a u r o r a l  o v a l .  The 
f i r s t  p a r t  o f  t h i s  c h a p te r  c o n s id e rs  th e  c o n c e p t o f  a m a g n e tic  
m e r id ia n  o b s e rv in g  c h a in  f o r  a u ro ra l o b s e r v a t io n s ,  th e  A la ska n  
m e r id ia n  c h a in  in  p a r t i c u la r ,  and th e  a n a ly s is  and th e  l im i t a t i o n s  
o f  a u r o r a l a I i —sky cam era d a ta .  The second p a r t  o f  th e  c h a p te r  
d is c u s s e s  th e  m e r id io n a l d i s t r i b u t i o n s  and m o tio n s  o f  a u ro ra s  
t h a t  w ere  o b ta in e d  fro m  th e  d e ta i le d  s tu d ie s  o f  th e  A la s k a n  
'a l ! - s k y  camera da ta  as w e ll as fro m  s i m i l a r  d a ta  fro m  th e  
s o u th e rn  h e m is p h e re . The m a jo r r e s u l t s  o f  th e s e  in v e s t ig a t io n s  
a re  p re s e n te d  in  s e c t io n s  2 . 3 . 4 ,  2 . 4 . 4 ,  2 . 5 .3 ,  and 2 .5 . 4 .
2 . 1 MAGNET IC MERI DI AN OBSERV! NG CHAINS
The d i s t r i b u t i o n  o f  th e  a l l - s k y  cam era o L s e r v a to r ie s  
has l im i t e d  th e  number o f  c o m p re h e n s iv e  case  s tu d ie s  o f  a u ro ra l 
phenomena. As m en tio n e d  in  th e  p re v io u s  c h a p te r ,  th e  a u ro ra l 
o v a l ,  w i t h in  w h ich  th e  a u r o r a l s u b s to rm s  o c c u r ,  i s  e c c e n t r ic  
w i t h  re s p e c t t o  th e  d ip o le  p o le  and c o in c id e s  w ith  th e  a u ro ra l 
zone o n ly  in  th e  m id n ig h t  s e c to r .  T h is  means t h a t  even a la rg e  
number o f  o b s e r v a to r ie s  d is t r ib u t e d  a lo n g  th e  a u r o r a l  zone 
(^ 6 7 °  CGL) c a n n o t e f f e c t i v e l y  m o n ito r  a u r o r a l a c t i v i t y .
T h e re  w ere  a g r e a t  number o f  IGY a l l - s k y  cam era o b s e r v a to r ie s . 
H ow ever, th e s e  s i t e s  w ere lo c a te d  w ith  o n ly  th e  a p r io r i ,  c o n c e p t 
o f  th e  a u r o r a l zone and th e  d e s ir e  f o r  as dense a n e tw o rk  as
17
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p o s s ib le .  The IGY da ta  p ro v id e d  an a d e q u a te  base  f o r  s t a t i s t i c a l  
s tu d ie s  o f  a u r o r a l o c c u rre n c e s  and s p a t ia l  d i s t r i b u t i o n s  as 
w e ll  as f o r  th e  d e ve lopm en t o f  t h e  a u ro ra !  s u b s to rm  c o n c e p t.
B u t th e  random s c a t te r  o f  o b s e r v a to r ie s  has l im i t e d  th e  v a lu e  
o f  th e  IGY d a ta  f o r  c o m p re h e n s ive  case  s tu d ie s  t o  o n ly  s e v e ra l 
a u ro ra l d is tu rb a n c e s .
To d e te rm in e  th e  d i s t r i b u t i o n  o f  phenomena t h a t  o c c u r  
s p a t i a l l y  more o r  le s s  a t  random r e q u ire s  a m a t r ix  a r r a y  o f  
o b s e r v a to r ie s .  Y e t t o  o b s e rv e  phenomena t h a t  o c c u r  s p a t i a l l y  
in  some known geom etry  r e q u ire s  o n ly  a n e tw o rk  o f  o b s e r v a to r ie s  
t o  m o n ito r  t h e  changes t o  th e  nom ina l g e o m e try . F o r t h i s  
re a s o n , th e  m ost e f f i c i e n t  a u r o r a l  o v a l o b s e rv in g  n e tw o rk  
i s  one  co m p ris e d  o f  s e v e ra l m a g n e tic  m e r id ia n  ’ c h a in s ' o f  
o b s e r v a to r ie s . Each c h a in  in  o r d e r  t o  o b s e rv e  th e  m a jo r i t y  
o f  th e  a u ro ra s  w i th in  th e  in s ta n ta n e o u s  a u r o r a l  o v a l ,  s h o u ld  
g a th e r  d a ta  o v e r  th e  l a t i t u d e  range  o f  6 0 °  t o  a p p ro x im a te ly  
8 5° CGL. I t  i s  no ted  how ever t h a t  a u ro ra l d is tu rb a n c e s  t h a t ,  
o c c u r  d u r in g  in f r e q u e n t  g r e a t  w o r ld -w id e  m a g n e tic  s to rm s  w i l l  
e x te n d  e q u a to rw a rd  o f  6 0 °  CGL.
A u ro ra s  t h a t  c o m p ris e  th e  a u r o r a l  ova I can be s y s te m a t ic a l ly  
m o n ito re d  w ith  m a g n e tic  m e r id ia n  o b s e rv in g  c h a in s ,  b u t  th e  
p re s e n t la c k  o f  a s y n o p t ic  u n d e rs ta n d in g  o f  p o la r  cap  a u ro ra s  
w o u ld  r e q u ir e  a m a tr ix  a r ra y  o f  o b s e r v a to r ie s  f o r  i n i t i a l  " 
co m p re h e n s ive  in v e s t ig a t io n s .  T h e re  a re ,  h o w e v e r, c e r t a in  
f e a tu r e s  o f  p o la r  cap a u ro ra l d i s t r i b u t i o n s  t h a t  c o u ld  be s tu d ie d  
s y s te m a t ic a l ly  w ith  m e r id ia n  o b s e rv in g  c h a in s .  The p r e f e r e n t ia l  
e a r th - s u n  o r ie n t a t io n  and th e  g r e a te r  o c c u r re n c e  f re q u e n c y  o f
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p o la r  cap  a u ro ra s  in  th e  m o rn in g  h o u rs  ( c f . D a n ie l s e n , 1969 
and L a sse n , 1972) w o u ld  f a v o r  a m e r id ia n  c h a in .
'n  /h a  m id n ig h t- o r  th e  m idday t im e  s e c to r s  a m e r id ia n  
c h a in  wou I d n o t be h e lp f u l .  In  th e s e  t im e  s e c t o r s ,  th e  a u r o r a l  
fo rm s  w o u ld  be p r e f e r e n t i a l l y  o r ie n te d  p a r a l l e l  t o  th e  m e r id ia n  
o b s e r v in g  c h a in  and p o s s ib ly  s im u lta n e o u s ly  o u t - o f - v ie w  o f  
a l l  s i t e s .
P o la r  cap a u ro ra s  o c c u r  o v e r  m o s t ly  u n in h a b i te d  a re a s .
T h is  f a c t  a lo n e  may p re c lu d e  a s y s te m a t ic  o b s e r v in g  a r r a y  
u n le s s  a r e l i a b le  a u to m a t ic  a l l - s k y  cam era  i s  d e v e lo p e d  o r  
a u r o r a l  im a g in g  is  u n d e r ta k e n  fro m  p o la r  o r b i t i n g  s a t e l l i t e s .
2 .2  ALASKAN MERIDIAN OBSERVING CHAIN
2 .2 .1  O b s e rv in g  S i t e  L o c a t io n  and I n s t r u m e n ta t io n
A k a s o fu  re c o g n iz e d  th e  o b s e r v a t io n a l  d e f i c i e n c ie s  o f  
t h e  random  s c a t te r  o f  th e  IGY a u r o r a l  o b s e r v in g  n e tw o rk ,  and 
he e s ta b l is h e d  a m a g n e tic  m e r id ia n  c h a in  o f  a u r o r a l  o b s e r v a to r ie s  
in  th e  A la s k a n  s e c to r .  '
The A la s k a n  m e r id ia n  c h a in  as o p e ra te d  in  1 9 6 9 -1 9 7 0 , 
c o n s is te d  o f  f i v e  a l l - s k y  cam era s i t e s  w i t h  s e v e r a l  a d d i t io n a l  
s u p p o r t in g  lo c a t io n s  w h e re  o t h e r  m o n ito r in g  in s t r u m e n ts  w e re  
o p e ra te d .  T a b le  I p ro v id e s  th e  lo c a t io n  d a ta  f o r  each  s i t e  
and th e  in s t ru m e n ts  o p e ra te d .  W h ile  le s s e r  s c a le  o b s e r v in g  
c h a in s  w e re  o p e ra te d  in  p r i o r  y e a rs  a lo n g  th e  A la s k a n  m e r id ia n ,  
t h e  1969-1970 o b s e rv in g  se a so n  was th e  f i r s t  p e r io d  w i t h  f i v e  
a l l - s k y  cam era lo c a t io n s .  F ig u re  I shows th e  lo c a t io n  o f  
th e  c h a in  s t a t io n s  w ith  re s p e c t  t o  t h e  Q = 3 s t a t i s t i c a l  a u r o r a l  
o v a l ( F e ld s t e in  and S ta r k o v ,  1967) and U n iv e r s a l  t im e  d u r in g  th e
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w in t e r  s o l s t i c e .
Each a l l - s k y  cam era was fu n d a m e n ta l ly  o f  D a v is  and E lv e y  
(1 9 5 5 ' d e s ig n . A m o d if ie d  Kodak 16mm K -1 0 0  m o v ie  cam era body 
c o n t r o l le d  by an a u x i l l i a r y  t im e r ,  p ro v id e d  th e  f i l m  m anagement. 
P h o to g ra p h s  w ere  ta k e n  d u r in g  d a rk e n e d  h o u rs  and n o m in a lly  
a t  a r a te  o f  one  s i x  t o  e ig h t  se co n d  e x p o s u re  p e r  m in u te .
The S o l ig a r  le n s  o p e n in g  was f0 . 9 5 ,  and  th e  e x p o s u re s  w e re  
made on  Kodak T r i - X  o r  4 -X  m ov ie  f i l m  t h a t  was d e v e lo p e d  f o r  
maximum speed and c o n t r a s t .  A c o m b in a t io n  o f  60  Hz AC pow ered 
d i g i t a l  c lo c k s  and la rg e  fa c e  b a t t e r y  pow ered  A c c u trc n  c lo c k s  
p ro v id e d  t im e s  i n t e r n a l l y  a c c u ra te  t o  w i t h i n  a t  le a s t  tw o  
o r  th r e e  m in u te s  d e p e n d in g  upon th e  d i l i g e n c e  o f  t h e  camera 
o p e r a to r s .  •
From T a b le  I i t  is  n o te d  t h a t  th e  A la s k a n  m a g n e tic  m e r id ia n  
c h a in  o f  s t a t io n s  has a g e o g ra p h ic  n o r th e a s t - s o u th w e s t  o r ie n t a t io n .  
The o r i e n t a t i o n  is  ro u g h ly  p a r a l l e l  t o  th e  t i l t  o f  la r g e -  
s c a le  w e a th e r p a t te r n s .  The r e s u l t  i s  t h a t  s i m i l a r  w e a th e r 
c o n d i t io n s  o f t e n  p r e v a i l  a lo n g  th e  m a g n e tic  m e r id ia n .  I t  is  
n o t  e x c e p t io n a l f o r  th e  m a g n e tic  m e r id ia n  t o  h a ve  fa v o r a b le  
s k y  c o n d i t io n s  f o r  th e  p h o to g ra p h ic  r e c o r d in g  o f  a u r o r a l  fo rm s 
th ro u g h o u t  a 1 6 -h o u r  w in t e r  n ig h t .
D ata fro m  a m a g n e t ic  m e r id ia n  a u r o r a l  o b s e r v in g  c h a in  
is  id e a l f o r  t h e  s y s te m a t ic  s tu d y  o f  m e r id io n a l  m o t io n s  and 
d i s t r i b u t i o n s  o f  a u ro ra s  as a f u n c t io n  o f  lo c a l  and s u b s to rm  
t im e .  The fo l lo w in g  s e c t io n  w i l l  o u t l i n e  th e  a n a ly s is  and 
l im i t a t i o n s  c f  a 1 1 - s k y  cam era d a ta  t o  be used f o r  t h e  s p e c i f i c
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p u rpose  o f  m e r id io n a l m o tio n  and d i s t r i b u t i o n  s t u d ie s .
2 .2 .2  The A n a ly s is  and th e  L im i t a t io n s  o f  A l l - S k y  Camera Data
The p u rpose  o f  t h i s  s e c t io n  i s  tw o fo ld :
1. A d e s c r ip t io n  i s  g iv e n  o f  how th e  a l l - s k y  camera 
d a ta  were a n a ly z e d  t o  d e te rm in e  th e  m e r id io n a l d i s t r i b u t i o n s  
and m o tio n s  o f  a u r o r a l fo rm s .
2 . A d is c u s s io n  is  a ls o  p re s e n te d  t o  o u t l  in e  th e  d i f f i c u l t i e s  
and th e  l im i t a t io n s  in  th e  use o f  a l l - s k y  cam era d a ta  f o r  th e  
d e te rm in a t io n  c f  a u ro ra l p o s i t io n  and c h a r a c te r .
W ith  a m u l t i - s t a t i o n  a l l - s k y  cam era n e tw o rk ,  i t  i s  p o s s ib le  
w i t h in  o v e r la p p in g  f i e l d s - o f - v i e w  t o  t r i a n g u la t e  upon a u ro ra l 
fo rm s t o  d e te rm in e  t h e i r  g ro u n d  p r o je c t io n  p o s i t io n  and t h e i r  
h e ig h t .  The s t a t io n  s p a c in g  (m in o r  o v e r la p )  and th e  s m a ll _
16mm f i lm  fo rm a t have p re c lu d e d  such  a d e ta i le d  a n a ly s is  f o r  
th e  A laskan  m e r id ia n  d a ta .
To o b ta in  th e  g round  p r o je c t io n  p o s i t io n  a NO k i lo m e te r  
lo w e r a u ro ra l b o rd e r  h e ig h t  was assumed th ro u g h o u t  th e  a n a ly s is .  
W h ile  th e  w ork  o f  Boyd e t  a l . (1 9 7 1 ) i l l u s t r a t e s  t h a t  s i g n i f i c a n t  
and s y s te m a t ic  a u ro ra l h e ig h t  v a r i a t i o n s  do o c c u r  as a fu n c t io n  
o f  lo c a l t im e  and l a t i t u d e ,  th e  s u b s to rm  a u ro ra s  t h a t  Boyd e t  a I . 
(1 9 7 1 ) p u rp o s e ly  a v o id e d  d e p a r t  w id e ly  fro m  t h e i r  r e s u l t s .
F o r t h i s  reason th e  v e ry  s im p le  a s s u m p tio n  o f  1 1 0  k i lo m e te r  
lo w e r a u ro ra l b o rd e r  h e ig h t  was used f o r  a l l  l a t i t u d e s  and 
lo c a l and s u b s to rm  t im e s .
Each a l l - s k y  cam era f i l m  was s c a le d  t o  o b t a in  th e  te m p o ra l 
v a r ia t io n  o f  th e  g round  p r o je c t io n  p o s i t io n  o f  t h e  a u ro ra s
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a lo n g  th e  lo c a l m a g n e tic  m e r id ia n  th ro u g h  each s t a t i o n .  Where 
p o s s ib le ,  an a t te m p t  was made t o  keep t r a c k  o f  in d iv id u a l  
a u r o r o l  .orms in  t h e i r  m e r id io n a l m o t io n s .  .
When tw o o r  more cam eras re c o rd e d  a u r o r a l  fo rm s  to  be a t  
a p p ro x im a te ly  th e  same l.a t i tu d e  a lo n g  th e  m e r id ia n ,  th e  f i n a l  
a n a ly s is  was based on th e  d a ta  fro m  th e  s t a t i o n  n e a re s t  t o  
t h e  a u ro ra l fo rm . A t t im e s  when an a u r o r a l  fo rm  passed fro m  
th e  p ro x im ity  o f  one s t a t io n  to  a n o th e r ,  s l i g h t  's m o o th in g ' 
o f  th e  p o s i t io n  d a ta  may have been r e q u ir e d  t o  j o i n  th e  m o tio n  
o f  th e  fo rm  a lo n g  th e  m e r id ia n .  Such j o i n i n g  e r r o r s  can r e s u l t  
f ro m  any one o r  a c o m b in a t io n  o f  f i v e  f a c t o r s :
1. An a u ro ra l fo rm  may d e v ia te  fro m  a m a g n e tic  e a s t-w e s t
o r i e n t a t i o n .
2 . An a u ro ra l fo rm  may n o t have  a lo w e r b o r d e r  h e ig h t  o f
I 10 k i io m e t e r s .
3 .  T h e re  may be t im in g  e r r o r s  b e tw een  o b s e r v a t o r ie s .
4 .  In d iv id u a l  s t a t io n s  may d e p a r t  fro m  a common m a g n e tic
m e r id ia n .
5 . T he re  a re  g r e a te r  u n c e r t a in t ie s  in  th e  g round p r o je c t io n
' d is ta n c e s  f o r  la rg e  z e n i th  a n g le s .
The la s t  c o n s id e r a t io n  is  e s p e c ia l l y  im p o r ta n t  f o r  o b s e rv in g  
n e tw o rk s  w ith  la rg e  s t a t io n  s e p a r a t io n s .  The g e o m e tr ic a l c o n v e rs io n  
fro m  z e n ith  a n g le  t o  g ro u n d  p r o je c t io n  d is ta n c e  i s  a n o n - l in e a r  
f u n c t io n :
R + h»
D = Re£Z -  s i n - ' ( Re y ^ s ln  Z)3
e .
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w here
D = ground p r o je c t io n  d is ta n c e
Z = measured z e n i th  a n g le
R = ra d iu s  o f  th e  e a r th  
e
h '  = e le v a t io n  o f  th e  o b s e rv a to ry  
h = h e ig h t  o f  th e  a u ro ra l lo w e r b o rd e r
A sm a ll change in  a la rg e  z e n i th  a n g le  c o rre s p o n d s  t o  
a r e la t i v e l y  la rg e  change in  th e  g ro u n d  p r o je c t io n  d is ta n c e  
com pared to  th e  g round  p r o je c t io n  d is ta n c e  change  r e la te d  
t o  th e  same sm a ll change in  a s m a ll z e n i t h  a n g le .  . .
The jo in in g  e r r o r s  w e re  la r g e s t  f o r  th e  g r e a te r  s t a t io n  
s e p a ra t io n s  in  w h ich  th e  zones o f  o v e r la p  o c c u r re d  a t  la r g e r  
z e n i th  a n g le s .  J o in in g  e r r o r s  w ere a p p ro x im a te ly  o n e - h a l f  
t o  one degree  o f  la t i t u d e  f o r  fo rm s t h a t  moved r a p id ly  a lo n g  
th e  m e r id ia n  fro m  th e  p r o x im i t y  o f  one  s t a t i o n  t o  a n o th e r .
P o s i t io n  u n c e r ta in t ie s  w e re  g e n e r a l ly  le s s  th a n  o n e - h a l f  a 
d e g re e  o f  la t i t u d e  f o r  th o s e  fo rm s t h a t  p e r s is te d  a t  a c o n s ta n t 
la t i t u d e  o r  d r i f t e d  s lo w ly  a lo n g  th e  m e r id ia n .  ’ S m o o th in g ’ .
was l im i t e d  to  a u r o r a l fo rm s  t h a t  w e re  o r ie n te d  a p p ro x im a te ly  
e a s t -w e s t  and had an a rc  o r  b a n d - l ik e  a p p e a ra n c e .
In  th e  1800 to  0600 h o u rs  lo c a l t 'im e  ( c o r r e c te d  geom agne tic  
lo c a l t im e ,  CGLT) s e c to r  d u r in g  q u ie t  p e r io d s ,  homogeneous 
( in a c t i v e )  a rcs  a re  th e  common a u r o r a l  fo rm s .  W ith in  a p p ro x im a te ly  
10 t o  30 m in u re s  a f t e r  th e  o n s e t o f  an a u r o r a l  s u b s to rm  in  
th e  m id n ig h t s e c to r ,  d i f f u s e  p a tc h e s  and i r r e g u la r  f o ld s  deve lo p  
t o  th e  e q u a to rw a rd  s id e  o f  d is c r e t e  a u r o r a l  a r c s  and bands t h a t
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l i e  in  th e  m id n ig h t  and th e  m o rn in g  t im e  s e c to r s  (A k a s o fu  
e t  a I . ,  1 9 6 6 b ). The e x te n s io n  o f  p a tc h y  a u r o ra s  in t o  th e  day 
s e c to r  w i l l  be d is c u s s e d  in  s e c t io n  4 . 2 .
A u ro ra l p a tc h e s  a re  a s p e c t  s e n s i t i v e .  T h a t  i s ,  th e y  
may a p p e a r as a r c - l i k e  when p h o t o g r a p h ic a l ly  re c o rd e d  a t  la rg e  
z e n i th  a n g le s .  B u t when th e y  a re  se e n  in  th e  z e n i t h ,  th e y  
a p p e a r as p a tc h y  d i f f u s e  a u r o r a i  fo rm s .  A k a s o fu  e t  a I . (1 9 6 6 b ) 
no ted  t h a t  th e  fo rm a t io n  o f  p a tc h e s ,  in  th e  e a r ly  m o rn in g  
t im e  s e c to r  (0000  t o  0600 h o u rs  CG LT), d e c re a s e s  in  o c c u rre n c e  
fre q u e n c y  a t  d ip o le  la t i t u d e s  g r e a t e r  th a n  6 5 ° .  The A la s k a n  
m e r id ia n  s t a t i o n  s p a c in g  is  in a d e q u a te  f o r  t h e  a c c u ra te  d e te r m in a t io n  ■ 
o f  th e  p r e c is e  b o u n d a r ie s  o f  r e g io n s  o f  a u r o r a l  p a tc h e s . In  
th e  a n a ly s e s  t h a t  f o l lo w ,  i t  was assum ed t h a t  when p a tc h e s  
w ere  o b se rve d  a t  C o lle g e  and p o s s ib ly  n e a r  t h e  z e n i t h  a t  F o r t  
Yukon t h a t  th e  s o u th e rn  b o u n d a ry  o f  a u r o r a l  lu m in o s i t y  was 
co m p rise d  o f  d i f f u s e  a u ro ra s  even  th o u g h  th e  a u r o r a l  lu m in o s i ty  
may have had an a r c - l i k e  a p p e a ra n c e  when v ie w e d  fro m  a d is ta n c e .
An o b v io u s  e x c e p t io n  t o  t h i s  a s s u m p tio n  o c c u rs  when an a r c ­
l i k e  fo rm  moves fro m  a d is ta n c e  t o  a p o s i t io n  in  o r  n e a r  th e  
z e n i th  a m id s t o r  r e p la c in g  th e  d i f f u s e  a u r o r a s .  A ls o  in  th e  
a n a ly s e s  t h a t  f o l lo w ,  th e  in d ic a t e d  p o le w a rd  b o u n d a ry  o f  th e  
d i f f u s e  a u ro ra s  is  m eant o n ly  t o  show t h a t  s u ch  a u ro ra s  w ere  
e q u a to rw a rd  o r  p o le w a rd  o f  an o b s e r v in g  s t a t i o n .
The a rc -1  ik e  a p p e a ra n c e  o f  t h e  d i f f u s e  a u r o r a s ,  when 
p h o to g r a p h ic a l ly  re c o rd e d  a t  la r g e  z e n i t h  a n g le s  i s  due t o  
s e v e ra l in t e g r a t io n  e f f e c t s :
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1. The i i n e - o f - s i g h i  may have  passed th ro u g h  s e v e ra l 
a u r o r a l  fo rm s .
2 . The r a p id  m o t io n  o f  th e s e  fo rm s  c o u p le d  w i th  t h e  s i x  
t o  e ig h t  second cam era e x p o s u re  t im e  may have r e s u l te d  
in  a b lu r r e d  f i l m  im age .
S e v e ra l a d d i t io n a l  f a c t o r s  c o n t r ib u t e  t o  th e  u n c e r t a in t ie s  
in  th e  a n a ly s e s  o f  a l l - s k y  cam era f i l m s .  One o f  th e  m ost 
im p o r ta n t  o f  th e s e  i s  th e  z e n i t h  a n g le  c a l i b r a t i o n  c f  th e  
o p t ic a !  s y s te m . The c a l i b r a t i o n  r e q u ir e s  th e  d e te rm in a t io n  
o f  z e n i t h  a n g le s  f o r  r e p r e s e n ta t iv e  s t a r s .  A co m p a ris o n  is  
made o f  th e  known z e n i t h  a n g le s  o f  th e  s t a r s  w i t h  th e  m easured 
r a d ia l  d is ta n c e s  to  th e  s t a r s  fro m  th e  c e n te r  o f  t h e  a l l - s k y  
cam era  c i r c l e  (a s s u m in g  cam era  l e v e l ) .  The r e s u l t  o f  such  
a c a l i b r a t i o n  is  a b e s t  f i t  c u rv e  o f  a s e r ie s  o f  d a ta  p o in t s  
t h a t  d e f in e  th e  z e n i t h  a n g le  f o r  a known r a d ia l  d is ta n c e  
fro m  th e  c e n te r  o f  t h e  a l l - s k y  cam era  c i r c l e .  Be Ion (1 9 7 1 ) 
s u p p l ie d  th e  c a l i b r a t i o n  shown in  F ig u re  2 .  F o r  v e ry  p r e c is e  
w o rk , each a l l - s k y  cam era  sy s te m  m u s t be c a l ib r a t e d ;  f o r  t r ia n g u I  a t  ion  
s tu d ie s ,  th e  f i l m  s h o u ld  be s c a le d  d i r e c t l y  fro m  th e  s t a r  f i e l d .
The f o l lo w in g  a s s u m p tio n s  w e re  made f o r  th e  a n a ly s is  
o f  th e  16mm A la s k a n  m e r id ia n  a l l - s k y  cam era  d a ta :
1. The cam era v/as le v e l
2 . The cam era m a in ta in e d  a c o n s ta n t  a z im u th  o r i e n t a t i o n .
3 . The cam era was o p e ra te d  a t  sea le v e l on a c i r c u l a r
e a r th  o f  p o la r  r a d iu s  6 3 5 6 .7 9  k i lo m e te r s  ( A l le n ,  19 5 5 ).
4 .  The c a l i b r a t i o n  d a ta  shown in  F ig u r e  2 a re  v a l id  f o r
a l l  th e  cam eras o p e r a te d .
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T h i r t y  f i v e  mi 11 im e te r  a u ro ra  I a ! ! - s k y  cam era f i l m ,  re co rd e d  
aboa rd  a j e t  a i r c r a f t ,  p ro v id e d  a p a r t  o f  th e  a u r o r a l  d a ta  
b a s e . The a n a ly s e s  o f  a i r c r a f t  a c q u ire d  a l l - s k y  cam era d a ta  
p re s e n t s e v e ra l p rob lem s p e c u l ia r  t o  th e s e  d a ta  s o u rc e s .
The o b v io u s  and th e  m os t im p o r ta n t  a d d i t io n a l  f a c t o r  i s  t h e  
m o tio n  o f  th e  a i r c r a f t .  A g a in  f o r  v e ry  p r e c is e  w o rk , th e
an a n a ly s is  w i l l  a c c o u n t f o r  th e  t h r e e  d im e n s io n a l m o tio n s  
o f  th e  a i r c r a f t .
The fo l lo w in g  a s s u m p tio n s  w ere  made f o r  t h e  a n a ly s is  
o f  th e  35mm a i r c r a f t  a c q u ire d  a l l - s k y  cam era d a ta :
1. -The camera was l e v e l .
2 . The camera was o p e ra te d  a t  a nom ina l e le v a t io n  o f  
10 k i lo m e te r s  above  a c i r c u l a r  e a r th .
- 3 . The a i r c r a f t  m a in ta in e d  a c o n s ta n t  speed and g e o g ra p h ic
h e a d in g  be tw een n a v ig a to r  lo g  e n t r y  t im e s .
4 . The c a l i b r a t i o n  d a ta  (W agner, 1971) shown in  F ig u re  3 a re
■ v a l id  f o r  th e  d a ta  a n a ly z e d .
The d e te rm in a t io n  o f  th e  g ro u n d  p r o je c t io n  p o s i t io n  fro m  
e i t h e r  th e  a i r c r a f t  o r  th e  g ro u n d  a c q u ire d  d a ta  i s  f i r s t  in  
th e  g e o g ra p h ic  c o o r d in a te  s y s te m . T h is  d e te r m in a t io n  i s  t r a n s fe r r e d  
in to  a g e o m a g n e tic  c o o r d in a te  s y s te m . W halen (1 9 7 0 ) has deve loped  
a u s e fu l nomograph f o r  p e r fo rm in g  th e  t r a n s fo r m a t  io n  fro m  
h ig h  l a t i t u d e  g e o g ra p h ic  p o s i t io n s  in  th e  n o r th e rn  h e m is p h e re  
in to  th e  c o r re c te d  g e o g ra p h ic  l a t i t u d e ,  lo n g i tu d e  and t im e  
c o o r d in a te  s y s te m . The nom ograph was used th ro u g h o u t  th e s e  
a n a ly s e s .
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2 .3  MERIDIONAL MOTIONS AMD DISTRIBUTIONS OF AURORAS
2 .3 .1  in t r o d u c t io n
A m e r id ia n  c h a in  o f  a u ro ra l a l l - s k y  cam era o b s e r v a to r ie s  
i s  a l ig n e d  a t  a p p ro x im a te ly  r i g h t  a n g le s  t o  th e  c i r c u m p o la r  
a u ro ra l b e l t  and as such  is  id e a ! f o r  th e  s tu d y  o f  m e r id io n a l 
a u ro ra !  m o tio n s  and f o r  d e te rm in in g  th e  in s ta n ta n e o u s  m e r id io n a l 
d i s t r i b u t i o n  o f  a u ru ra s  in a i c o m p ris e  ih e  a u r o r a !  o v a l .
The u p p e r p a r t  o f  F ig u re s  4 -8  p re s e n t  c ro s s  s e c t io n s  
th ro u g h  th e  in s ta n ta n e o u s  a u ro ra l o v a l as o b s e rv e d  by th e  
A la ska n  m a g n e tic  m e r id ia n  c h a in  o f  s t a t io n s  d u r in g  f i v e  n ig h ts  
o f  th e  1969-1970 a u ro ra l se a so n . The heavy  s o l i d  l i n e  o f  
th e  u p pe r p a r t  o f  F ig u re s  4 -8  re p re s e n ts  th e  p o s i t io n  and 
c o n t in u i t y  o f  a u ro ra l fo rm s . The heavy  dashed l i n e  d e f in e s  
th e  a p p ro x im a te  bounda ry  o f  th e  a u r o r a l  o v a l when i t  is  n o t 
d e fin e d  by th e  c o n t in u o u s  p re s e n c e  o f  an a u r o r a l  fo rm . The 
s h a d in g  d e f in e s  th e  l a t i t u d in a l  e x te n t  o f  th e  a u r o r a l o v a l 
when i t  is  d e f in e d  c le a r l y  by m u l t i p l e  a u r o r a l  fo rm s . The 
l i g h t  h a tc h in g ,  as in d ic a te d ,  re p re s e n ts  th e  a p p ro x im a te  lo c a t io n  
o f  th e  p a tc h y  d i f f u s e  a u ro ra s .  As m e n tio n e d  p r e v io u s ly ,  th e  
n o r th e rn  e x te n t  o f  th e s e  d i f f u s e  a u ro ra s  c a n n o t be d e f in e d  
we! i w ith  th e  d a ta  fro m  th e  s t a t i o n  s p a c in g  u se d . The b o u n d a r ie s  
o f  th e  Q = 3 s t a t i s t i c a l  a u ro ra l o v a l ( F e ld s t e in  and S ta rk o v ,  
1967) a re  a ls o  shown f o r  c o m p a r is o n . The io w e r  p o r t io n s  o f  
o f  F ig u re s  4 -8  a re  th e  c o r re s p o n d in g  a u r o r a l  zone  m a g n e tic  
in d ic e s  in  th e  fo rm  o f  AU and AL. The AU and AL in d ic e s  p ro v id e  
a measure o f  th e  e a s tw a rd  and w e s tw a rd  e l e c t r o j e t  c u r r e n ts
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f lo w in g  a lo n g  th e  a u ro ra l zone (D a v is  and S u g iu ra ,  15 6 6 ). The 
f ig u r e  c a p t io n s  l i s t  th e  s t a t io n s  t h a t  w e re  used t o  d e v e lo p  
th e  AU a n ' AL in d ic e s .  S uperposed on th e  AU/AL in d ic e s  a re  
th e  H component m agnetogram s fro m  In u v ik  ( 7 1. 1°N CGL).
The ’ s c a n n in g ' speed a round  th e  a u r o r a l o v a l by a s in g le  
c h a in  o f  o b s e r v a to r ie s  is  to o  s lo w  (o n e  ’ s c a n 1 p e r day) t o  
d e p ic t  th e  in s ta n ta n e o u s  a z im u th a l d is p la y  o f  th e  a u r o r a l  
o v a l .  N e v e r th e le s s , i t  is  in t e r e s t in g  to  see t h a t  a g ro s s  
o v a l p a t te rn  does emerge fro m  th e  's c a n ' ( F ig u r e s  4 - 8 ) .
The h o r iz o n ta l  m o tio n s  o f  v is u a l  a u r o r a l fo rm s  have  been 
t r e a te d  s p e c i f i c a l l y  by numerous a u th o rs  ( e .g .  M e in e l and 
S h u lte ,  1953; Meek, 1954b; Kim and C u r r ie ,  1958; N ic o ls ,  1959; 
E vans, 1959, I9 6 0 ; O av is  and K im b a l l ,  I9 6 0 ; D a v is  and D e w it t  
1963; A kaso fu  e t  a ! . ,  in  th e  ’ ’ Dynam ics o f  th e  A u ro ra "  s e r ie s  
t h a t  appeared  In  J o u rn a l o f  A tm o s p h e r ic  and T e r r e s t r i a l  P h y s ic s ,  
1965-1966, and D a v is ,  1 9 7 1 ). P re v io u s  o b s e r v a t io n s  a g re e  
t h a t  th e  e a s t-w e s t com ponent o f  a u r o r a l  m o tio n  is  g e n e r a l ly  
an o rd e r  o f  m a g n itu d e  g r e a te r  th a n  th e  n o r th - s o u th  com ponent 
( c f . Kim and C u r r ie ,  195 8 ); p o s s ib ly  because o f  t h i s  asym m etry , 
th e  m e r id io n a l m o t io n s  have  n o t been s tu d ie d  e x t e n s iv e ly .
Akasofu  and h is  c o -w o rk e rs  have fo u n d  t h a t  th e  m e r id io n a l 
m o tio n s  o f  th e  a u ro ra s  have f i v e  b a s ic  com ponents  w i t h i n  
tw o  g e n e ra l c a te g o r ie s :
A. M e r id io n a l m o tio n s  r e la te d  t o  a u ro ra l o v a l g e om etry  
and s iz e :
I .  The e a r t h 's  r o t a t io n  b e n ea th  th e  q u a s i - s t a t io n a r y  
a u ro ra l o v a l r e s u l t s  in  even e q u a to rv /a rd  and m o rn in g
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p o le w a rd  m o t io n s .
2 . E q u a to rw a rd  and p o ie w a rd  m o t io n s  a re  a s s o c ia te d  w ith  
. th e  in te rd e p e n d e n c e  o f  th e  g e o m e t r ic a l  c o n f ig u r a t io n
o f  th e  a u ro ra l o v a l and th e  g e n e ra l le v e l  o f  m a g n e tic  
a c t i v i  t y .
B . M e r id io n a l m o tio n s  r e la t e d  t o  th e  a u r o r a l  s u b s to rm :
1. P o le w a rd  m o t io n s  o c c u r  d u r in g  th e  e x p a n s iv e  p h a s e .
2 .  .A n  e q u a to rw a rd  ’ s p re a d 1 o f  i r r e g u l a r  bands a ls o  o c c u rs
d u r in g  th e  e x p a n s iv e  p h a s e .
3 . E q u a to rw a rd  m o tio n s  o c c u r  d u r in g  t h e  re c o v e ry  ph a se .
The a u r o r a l  s u b s to rm  r e la te d  m e r id io n a l  m o t io n s  a re  seen
e a s i l y  fro m  a s m a ll n e tw o rk  o r ,  even  in  id e a l  s i t u a t i o n s ,  
by a s in g le  s t a t i o n .  H ow ever, t h e r e  h a ve  been a lm o s t  no case  
s tu d ie s  t h a t  have  docum ented a l l  o f  t h e  m o t io n s  d e s c r ib e d .
D a v is  and K im b a ll ( I9 6 0 )  c o n c lu d e d  fro m  a s t a t i s t i c a l  
s tu d y  o f  n ig h t  s e c to r  a u ro ra s  t h a t  e q u a to rw a rd  m o t io n s  o c c u r  
m ore f r e q u e n t ly  th a n  p o le w a rd  m o t io n s .  T hese  c o n s id e r a t io n s  
as w e ll  as th e  p re s e n t  i n t e r e s t  in  th e  e a r ly  phase  o f  m a g n e to s p h e r ic  
s u b s to rm s  s u g g e s t t h a t  th e  case  h i s t o r y  s tu d y  o f  m e r id io n a l  
a u ro ra l .m o tio n s  w i th  c o m p re h e n s iv e  d a ta  i s  r e le v a n t .  In  th e  
fo l lo w in g  s u b s e c t io n s ,  t h e  r e s u l t s  show n in  F ig u re s  4 -8  w i l l  
be d is c u s s e d  w ith  re s p e c t  t o  th e  f i v e  l i s t e d  m e r id io n a l  m o t io n s ;  
comments w i l l  be made w here  a p p r o p r ia te  o n  th e  D a v is  and K im b a ll 
( I9 6 0 )  s tu d y ,  and a d is c u s s io n  w i l l  be  p re s e n te d  on  a p o s s ib le  
g ro w th  phase o f  m a g n e to s p h e r ic  s u b s to rm s .
2 .3 .2  M e r id io n a l M o tio n s  R e la te d  t o  A u r o r a l  O val G e o m e try  and S iz e
The f o l lo w in g  d is c u s s io n  w i l l  t r e a t  o b s e rv e d  ( a c tu a l  p lu s
. . . - 29
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a p p a re n t)  m o tio n s  o f  a u r o r a l  fo rm s . The s p a t ia l  c o n f ig u r a t io n  
o f  th e  a u ro ra s  o c c u p ie s  an o v a l band t h a t  i s  o f f s e t  fro m  th e  
r o t a t io n a l  p o le  o f  th e  e a r t h .  T h is  means t h a t  i f  a u r o r a l
fo rm s  a re  s t a t io n a r y  w i t h in  a s t a t i c  o v a l t h a t  an o b s e rv e r
f i x e d  on th e  e a r th  w i l l  o b s e rv e  a p p a re n t  m o t io n s  o f  a u r o r a l  
-^crm s. To a i 1-1 in  th e  ” is u a I  i z a t io n  o f  t h e  magn ' t u d f  and d i r e c t io n  
o f  th e s e  a p p a re n t m o t io n s ,  th e  Q = 3 s t a t i s t i c a l  a u r o r a l  o v a l 
is  su p e rp o se d  on th e  u p p e r p a r t  o f  F ig u r e s  4 - 8 .
The a p p a re n t m e r id io n a l m o tio n  o f  t h e  a u ro ra  due t o  th e  
e a r t h 's  r o t a t io n  b e n e a th  th e  a u r o r a l  o v a l s h o u ld  be o b s e rv e d  
d u r in g  p e r io d s  o f  n o n -v a ry in g  m a g n e t ic  a c t i v i t y  t o  be s u re  
t h a t  o th e r  f a c t o r s  a re  n o t  th e  cause  o f  t h e  o b s e rv e d  m o t io n s .
O f th e  days a n a ly z e d  c e r t a in  p e r io d s  o f  J a n u a ry  6 and 8 , 1970
s a t i s f y  th e  m a g n e tic  c r i t e r i a .  From 0200  t o  1000 UT on J a n u a ry
6 , th e  AU/AL in d ic e s  w ere  low and f a i r l y  u n ifo r m  ( F ig u r e  2 ) .
N o te  t h e  e q u a to rw a rd  d r i f t  o f  a u ro ra s  t h a t  o c c u r re d  d u r in g  
t h i s  p e r io d ,  in  p a r t i c u l a r ,  th e  f a c t  t h a t  n e i t h e r  b o u n d a ry  
o f  th e  in s ta n ta n e o u s  a u r o r a l  o v a l was d e f in e d  f o r  m ore th a n  
^9 0  m in u te s  by a c o n t in u o u s  a u r o r a l  fo rm .
In  g e n e ra l th e  in d iv id u a l  a u r o r a l  fo rm s  moved e q u a to rw a rd  
a t  a f a s t e r  r a te  th a n  e i t h e r  b o u n d a ry  o r  th e  s t a t i s t i c a l  a u ro ra l 
o v a l even th o u g h  th e  e n v e lo p e  o f  a l l  t h e  o b s e rv e d  a u ro ra s  
moved ro u g h ly  p a r a l l e l  t o  th e  s t a t i s t i c a l  o v a l .
On J a n u a ry  8 fro m  1300-1600 UT, t h e  AU/AL in d ic e s  w e re  
enhanced b u t  r e l a t i v e l y  c o n s ta n t  ( F ig u r e  7 ) .  We o b s e rv e d  
t h a t  th e  e q u a to rw a rd  a u ro ra !  fo rm  t h a t  was p r e s e n t  f o r  th e  
e n t i r e  p e r io d  d id  n o t move p o le w a rd  as e x p e c te d . The p o le w a rd
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bou n d a ry  o f  th e  in s ta n ta n e o u s  o v a ! was i l l - d e f i n e d  by fo rm s  
t h a t  moved r a p id ly  e q u a to rw a rd ' and d is a p p e a re d  w h i le  new fo rm s  
re a p p e a re d  a t  h ig h e r  l a t i t u d e s .
In  each o f  th e  cases  s tu d ie d ,  th e  e n v e lo p e  o f  a l l  a u r o r a l  
.fo rm s behaves in  agreem en t w ith  th e  g ro s s  m o t io n s  e x p e c te d  
fro m  th e  s t a t i s t i c a l  o v a l ,  i .e .  p re - m id n ig h t  e q u a to rw a rd  d r i f t  
and p o s t -m id n ig h t  p o le w a rd  d r i f t  o f  th e  e n v e lo p e s  t h a t  bound 
th e  in s ta n ta n e o u s  a u ro ra l o v a l .  H ow ever, th e  in d iv id u a l  a u ro ra !  
fo rm s  o f t e n  move e q u a to rw a rd  betw een th e  e n v e lo p e s . T h is  
f in d in g  v e r i f i e s  th e  s t a t i s t i c a l  r e s u l t  o f  D a v is  and K im b a ll
( I9 6 0 )  t h a t  e q u a to rw a rd  m o tio n s  a re  d o m in a n t th r o u g h o u t  th e  n ig h t .
A ka so fu  and Chapman (196 3 ) u s in g  D ^ ,  F e ld s t e in  and S ta rk o v  
(1 9 6 7 ) u s in g  Q, F e ld s te in  (196 9 ) u s in g  Q and Dg + , S t r in g e r  e t  a I . 
(1 9 6 5 ) u s in g  and lo c a l K, S t r in g e r  and B e lo n  (1 9 6 7 ) u s in g  
and lo c a l K and Chubb and H ic k s  (19 7 0 ) u s in g  K ^ , have  a l l  
d is c u s s e d  th e  'g e o m e try ’ o r  p o s i t io n  o f  th e  a u r o r a l  o v a l in  
r e l a t i o n  t o  m a g n e tic  a c t i v i t y  as d e f in e d  by th e  fo re m e n t io n e d  
m a g n e tic  in d ic e s .  These s tu d ie s  a g re e  t h a t  as m a g n e t ic  a c t i v i t y  
in c re a s e s  v is u a l a u ro ra s  o c c u r  a t  p r o g r e s s iv e ly  lo w e r  ia t i t u d e s .  
F e ld s te in  and S ta rk o v  (196 7 ) have  shown f o r  th e  n ig h t  s e c to r  
t h a t  d is c r e t e  a u ro ra l fo rm s a re  fo u n d  o v e r  a w id e r  ra n g e  o f  
la t i t u d e s  as w e ll as a t  lo w e r la t i t u d e s  d u r in g  in c re a s e d  m a g n e tic  
a c t i v i t y  in  th e  a u ro ra l zo n e . These p re v io u s  s tu d ie s  s u g g e s t 
t h a t  as th e  g e n e ra l le v e l o f  m a g n e tic  a c t i v i t y  ch a n g e s , one 
s h o u ld  o b s e rv e  m e r id io n a l m o tio n s  as th e  o v a l s iz e  expands 
o r  c o n t r a c t s .  T h is  d is c u s s io n  w i l l  c o n c e n t r a te  on th e  m e r id io n a l
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m o tio n s  a s s o c ia te d  w ith  th e  e q u a to rw a rd  b o u n d a ry  o f  th e  in s ta n ta n e o u s  
a u ro ra l o v a l ,  th u s  a v o id in g  th e  d i f f i c u l t  c o n s id e r a t io n  o f  
th e  m o tio n s  t h a t  may be r e la te d  t o  th e  t h ic k e n in g  and th e  
t h in n in g  o f  th e  o va l band i t s e l f .
S t r i n q e r . e t  a I . (1 9 5 5 ) p re s e n t s e v e ra l c a se s  in  w h ich
th e  e x p a n s io n  e q u a to rw a rd  and th e  c o n t r a c t io n  p o le w a rd  c o u ld
and c o u ld  n o t be fo llo w e d  w i th  changes in  m a g n e tic  a c t i v i t y .
They n o te  t h a t  a t  t im e s  an a b r u p t  change in  th e  l a t i t u d e  o f
th e  a u ro ra s  o c c u rre d  w ith  a change in  th e  lo c a l m a g n e tic  d is tu rb a n c e
in d e x . A s im i l a r  l a t i t u d e  change o c c u rs  in  th e  ca se  s tu d ie s  '
r e p o r te d  h e re ; how ever, AU/AL and th e  In u v ik  H com ponent m agnetogram
w ere  used as th e  in d ic a to r s  o f  m a g n e tic  a c t i v i t y .  N o t ic e
a t  ^0520  LIT on December 5 , 1969 th e  a b ru p t  a p p e a ra n c e  o f  a u ro ra s
n e a r  th e  I n u v ik  z e n ith  in  th e  e v e n in g  s e c to r  f o l lo w in g ,  b u t
a s s o c ia te d  w i t h ,  th e  in c re a s e d  m a g n e tic  a c t i v i t y  in  th e  m id n ig h t
s e c to r  ( A L ) . On F e b ru a ry  14, 1970 a n o th e r  s i m i l a r  and s t r i k i n g
exam p le  o c c u r re d  in  th e  a f te rn o o n  s e c to r  a t  a p p ro x im a te ly
0300 UT. In  t h i s  case th e  a u ro ra  c o u ld  be fo l lo w e d  s o u th
d u r in g  th e  deve lopm en t o f  an in te n s e  n e g a t iv e  bay in  th e  m id n ig h t
s e c t o r " t h a t  was a ls o  a s s o c ia te d  w ith  a s i g n i f i c a n t  d e c re a s e
in  D , (S u g iu ra  and P o ro s , 1 9 7 0 ). As th e  bay re c o v e re d , th e  
s t  ^  ’
a u ro ra  a ls o  showed a te n d e n c y  to  r e t r e a t  p o le w a rd  p r i o r  t o  
a n o th e r  in c re a s e  in  a c t i v i t y  a b o u t 0500 UT. As a u r o r a l zone 
m a g n e tic  a c t i v i t y  d ecreased  a g a in  a f t e r  0500 UT, th e  e q u a to rw a rd  
a u ro ra s  d is a p p e a re d  fro m  s o u th  o f  In u v ik  and a u ro ra s  w ere  seen 
w e l l  t o  th e  n o r th  o f  I n u v ik .
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I t  can be seen a ls o  t h a t  th e  exam ples c i t e d  do n o t in c lu d e  
t h e  m e r id io n a l a u ro ra l m o tio n s , a s s o c ia te d  w ith  a b r u p t  changes 
in  m a g n e tic  a c t i v i t y  n e a r lo c a l m a g n e tic  m id n ig h t  ( M 100 UT 
a lo n g  th e  A la s k a n  m e r id ia n  f o r  th e  d a te s  c o n s id e r e d ) .  H e re , 
t h e  su b s to rm  r e la te d  m o tio n s  a re  d o m in a n t, and s tu d ie s  t o  
s e p a ra te  th e  su b s to rm  m o tio n s  fro m  th e  m o tio n s  r e la te d  t o  
The a u ro t <si o v a i geomei ry  and s iz e  a re  n o t f e a s ib le .  An e x c e p t io n  
to  th e  la s t  s ta te m e n t may e x i s t  in  a p o s s ib ly  p re -e x p a n s iv e  
phase m e r id io n a l m o tio n  t h a t  w i l l  be d is c u s s e d  in  t h e  n e x t 
s u b s e c t io n .  In  th e  cases s tu d ie d ,  th e r e  w ere  no is o la te d  
changes in  m a g n e tic  a c t i v i t y  d u r in g  th e  lo c a l m o rn in g  h o u rs  
t h a t  c o u ld  be used t o  s tu d y  th e  a s s o c ia t io n  o f  th e  m o rn in g  
s e c to r  o va l geom etry  w i th  changes in  m a g n e tic  a c t i v i t y .
A n o th e r  a s p e c t o f  t h i s  g e n e ra l p ro b le m  o f  a u r o r a l  o v a i 
g e o m e try  i s  th e  a s s o c ia t io n  o f  th e  ’ s i z e ’ o f  th e  o v a l ,  as 
d e f in e d  by th e  la t i t u d e  in d ic e s  a t  d i f f e r e n t  le v e ls  o f  s o la r  
a c t i v i t y .  The days s e le c te d  f o r  t h i s  s tu d y  w ere  days o f  r e l a t i v e l y  
low  r in g  c u r r e n t  a c t i v i t y ;  | |  was le s s  th a n  o r  e qua l t o  
18 gammas (S u g u ira  and P o ro s , 1 9 7 0 ). The c o n t r ib u t io n  o f  
r in g  c u r r e n t  a c t i v i t y  t o  th e  a u ro ra l o v a l s iz e  f o r  th e  days 
o f  t h i s  s tu d y  s h o u ld  be m in im a l ( F e ld s te in ,  1 9 6 9 ). P o la r  
m a g n e tic  su b s to rm s  w ith  an AL in d e x  o f  m ore th a n  500 gammas 
(Q in d e x  o f  7 ( B a r te ls ,  1957)) o c c u rre d  on December 5 , 1969 
and on F e b ru a ry  14, 1970. The e q u a to rw a rd  b o u n d a ry  o f  t h e  
d is c r e t e  a u ro ra s  on b o th  o f  th e s e  d a ys , w i th  m in o r  e x c e p t io n s ,  
was p o le w a rd  o f  th e  e q u a to rw a rd  bo u n d a ry  o f  th e  s t a t i s t i c a l
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a u r o r a l  o v a l ( F e ld s te in  and S ta rk o v ,  1967) d e f in e d  f o r  0 = 3  (a n  
AL in d e x  o f  a b o u t 60 gammas) f o r  th e  IGY s o la r  maximum. H o w e ve r, 
th e  o b s e rv e d  s u n s p o t num ber f o r  t h e  p e r io d  o f  th e s e  a n a ly s e s  
was a p p ro x im a te ly  o n e - h a l f  t h a t  o f  th e  IGY p e r io d  ( S o la r  G e o p h y s ic a l 
D a ta , J a n . ,  1 9 72 ), These o b s e r v a t io n s  i l l u s t r a t e ,  by case  
s tu d y ,  th e  c o n t r a c t io n  o f  th e  a u r o r a l  o v a l a s s o c ia te d  w i t h  
a d e c re a s e  in  s o la r  a c t i v i t y  (S ta r k o v  and F e ld s t e in ,  1 9 6 7 ).
2 . 3 . 3  M e r id io n a l M o t io n s  R e la te d  t o  th e  A u ro ra l S u b s to rm
2 , 3 . 3 . I The G rowth Phase o f  M a g n e to s p h e r ic  S u b s to rm s
T h e re  a re  tw o g e n e ra l p u rp o s e s  f o r  th e  d is c u s s io n  t h a t  
f o l lo w s  in  t h i s  s e c t io n :
* I .  S e v e ra l exam ples w i l l  be g iv e n  t o  i l l u s t r a t e  th e
. d i - f f i c u ' t i e s  t h a t  o t h e r  w o rk e rs  have  had  in  s u c c e s s f u l ly  
• i d e n t i f y i n g  th e  g ro w th  phase fro m  s u r fa c e  and s a t e l l i t e  
o b s e rv e d  m a g n e tic  f i e l d  v a r i a t i o n s .
2 .  The A la s k a n  m e r id ia n  a l l - s k y  cam era  d a ta  w i l l  be exam ined  
f o r  a p o s s ib le  i d e n t i f i c a t i o n  o f  t h e  g ro w th  ph a se .
R e c e n t ly  th e re  has been c o n s id e r a b le  i n t e r e s t  in  a v e ry  
e a r ly  phase o f  m a g n e to s p h e r ic  s u b s to rm s . A num ber o f  w o rks  
(P u d o v k in ,  1968, M cP herron , 1970, K okobun , 1971, N is h id a  and 
Kokobun, 1971, and l i j i m a  and N a g a ta , 1971) h a ve  s u g g e s te d  
t h a t  t h e r e  is  a d i s t i n c t  p h a se , c a l le d  th e  g ro w th  p h a se , 
w h ic h  p re c e d e s  th e  e x p a n s iv e  phase o f  m a g n e to s p h e r ic  s u b s to rm s .
The o n s e t  o f  th e  l a t t e r  p h a se , d e f in e d  by A k a s o fu  ( 1 9 6 4 ) ,  i s  
c h a r a c te r iz e d  by a ra p id  p o le w a rd  e x p a n s io n  o f  t h e  m id n ig h t  
s e c to r  a u r o r a l  o v a l .  P u d o v k in , S n u m ilo v  and Z a i tz e v a  (1 9 6 8 ) ,  
F e ld s te in  (1 9 7 1 ) ,  K e l le y ,  S t a r r ,  and M ozer ( 1 9 7 1 ) ,  and M oze r (1 9 7 1 )
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have  n o te d  an e q u a to rw a rd  m o tio n  o f  a u ro ra s  b e fo r e  th e  o n s e t 
o f  th e  e x p a n s iv e  phase o f  a s u b s to rm .
U n fo r tu n a te ly ,  in  some o f  th e  re fe re n c e d  s t u d ie s ,  th e  
g ro w th  phase was d e te rm in e d  on th e  b a s is  o f  g e o m a g n e tic  f i e l d  
v a r ia t io n s  w ith o u t  an e x a m in a t io n  o f  th e  c o r re s p o n d in g  a l l - s k y  
cam era p h o to g ra p h s . From th e  D a v is  and K im b a ll ( I9 6 0 )  s tu d y  __
and a ls o  fro m  th e  m a te r ia l  d is c u s s e d  in  p r e v io u s  s e c t io n s  
o f  t h i s  c h a p te r ,  i t  i s  a p p a re n t t h a t  e q u a to rw a rd  a u r o r a l  m o tio n s  
a re  n o t  u n u su a l a t  any lo c a l t im e  o f  th e  n ig h t  o r ,  w i t h  th e  
e x c e p t io n  o f  th e  e a r ly  e x p a n s iv e  p h a s e , a t  any  s u b s to rm  t ir r .e .
F o r an e q u a to rw a rd  a u r o r a l  m o tio n  t o  d e f in e  th e  g ro w th  p h a se , 
t h e r e  m ust be one o r  m ore a d d i t io n a l  c h a r a c t e r i s t i e s  w h ich  
can  p r o v id e  th e  o n s e t t im e  o f  th e  g ro w th  p h a s e .
I t  i s  b e l ie v e d  com m only t h a t  s e v e ra l g e o m a g n e tic  o b s e r v a to r ie s  
s c a t te r e d  a lo n g  th e  a u r o r a l  zone  can m o n ito r  th e  i n t e n s i t y  
o f  th e  a u r o r a l  e l e c t r c j e t .  As p o in te d  o u t  by F e ld s te in  and 
S ta rk o v  ( 1 9 6 7 ) ,  S t r in g e r  and B e lo n  (1 9 6 7 ) and A k a s o fu  (1 9 6 9 ) ,  
t h e  a u r o r a l  o v a l c o n t r a c t s  p o le w a rd  d u r in g  q u ie t  p e r io d s  t o  
a b o u t dp l a t i t u d e  7 0 °  o r  h ig h e r  and e xpands  e q u a to rw a rd  d u r in g  
d is tu r b e d  p e r io d s  (s e e  a ls o  A k a s o fu  and Chapman, 1 9 6 3 ). C are  
m u s t be e x e rc is e d  t o  i n t e r p r e t  g e o m a g n e tic  v a r i a t i o n s  f o r  s u b s to rm s  
w h ic h  a re  p re ce d e d  by a few  h o u rs  o f  m a g n e to q u ie t  (b o th  th e  AE 
and Ds+  in d ic e s  a re  s m a l l ) .  T h is  i s  e s p e c ia l l y  t r u e  f o r  th e  
s o - c a l le d  ’ is o la t e d ’ s u b s to rm s . Such s u b s to rm s  te n d  t o  o c c u r  
a lo n g  th e  c o n t r a c te d  o v a l ,  and t h e i r  'm a g n e t ic  s ig n a t u r e ’ • 
a ic n g  th e  a u r o r a l  zone  can be q u i t e  d i f f e r e n t  f ro m  t h a t  f o r
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s u c c e s s iv e  s u b s to rm s . In  t h i s  s i t u a t i o n ,  s in c e  th e  o v a l is
lo c a te d  w e ll  p o le w a rd  o f  a u ro ra l zone s t a t io n s  in  th e  m id n ig h t
s e c t o r ,  a t y p ic a l  a u ro ra l zone s t a t io n  te m p o r a r i ly  'becom es ' 
a s u b a u ro ra  I s t a t i o n .  Exam ples o f  tw o  such s u b s to rm s  a re  
d is c u s s e d  in  s e c t io n  2 .5  on th e  b a s is  o f  th e  re c o rd s  ta k e n  
fro m  th e  A la s k a  m e rid ia n  c h a in  o f  s t a t io n s ;  such  s u b s to rm s , 
on th e  c o n tra c te d  o v a l ,  o c c u rre d  a lm o s t beyond th e  f i e l d  
o f  v ie w  o f  th e  C o lle g e  a l l - s k y  cam era .
in  such  s i t u a t io n s  th e  AE in d e x  is  n o t  p r o p o r t io n a I  to  
th e  t o t a l  in t e n s i t y  o f  th e  a u ro ra !  e l e c t r o j e t .  In d e e d , i t  
is  p o s s ib le  t h a t  when s u c c e s s iv e  s u b s to rm s  o c c u r  a f t e r  a few 
h o u rs  o f  m a g n e to q u ie t, th e  f i r s t  s u b s to rm  b e g in s  a lo n g  th e  
c o n t ra c te d  o v a l ,  and th e  o v a l expands e q u a to rw a rd  as a w h o le  
as th e  su b se q u e n t su b s to rm s o c c u r .  D u r in g  th e  f i r s t  o f  s e v e ra l 
s u c c e s s iv e  s u b s to rm s , th e  H com ponent m a g n e tic  r e c o rd s  fro m
a u r o r a l  zone s ta t io n s  in  th e  m id n ig h t  s e c to r  may show a weak
n e g a t iv e  bay Cor som etim es even a p o s i t i v e  b a y ) .  S ubsequen t 
s u b s to rm s  a re  d e f in e d  more c le a r l y  as n e g a t iv e  b ays  w ith  a 
s h a rp  o n s e t .  M cPherron (1970 ) and Kokubun (1 9 7 1 ) no te d  t h a t  
a s h a rp  g ro w th  o f  n e g a t iv e  bays is  p re ce d e d  by a g ra d u a l g ro w th  
o f  n e g a t iv e  bays w hich la s t  f o r  1-2 h o u rs .  They c a l l  t h i s  
i n i t i a l  s lo w  g ro w th  th e  'g ro w th  p h a s e '.  H ow ever, t h e i r  g ro w th  
phase f i t s  w ith  th e  p a t te r n  o f  th e  d e s c r ib e d  m a g n e tic  v a r ia t io n s .  
Such an in fe re n c e  c a n n o t be p ro ve d  e a s i l y  w i t h o u t  h a v in g  m a g n e tic  
a n d /o r  a l l - s k y  re c o rd s  fro m  a m e r id ia n  c h a in  o f  s t a t i o n s .
The f o l lo w in g  exam ple , sup p le m e n te d  w ith  m a g n e tic  and a l l - s k y
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cam era d a ta  fro m  th e  A la s k a n  m e r id ia n ,  w i l l  s e rv e  t o  i l l u s t r a t e  
th e  sequence o f  e ve n ts  j u s t  d e s c r ib e d .
The lo w e r h a l f  o f  F ig u re  8 shows th e  AU and AL in d ic e s  
on F e b ru a ry  14, 1970. S uperposed on th e  AL in d e x  i s  th e  s im u lta n e o u s  
m a g n e tic  re c o rd  fro m  In u v ik  ( 7 1 . I°N CGL), lo c a te d  a b o u t 680 km 
p o le w a rd  o f  Col lege  (6 4 .3 °N  CGL).
In  th e  AL in d e x , a weak n e g a t iv e  bay began a t  a b o u t 0850 UT 
and g r a d u a l ly  deve lo p e d  u n t i l  a b o u t 1025 UT when an in te n s e  
n e g a t iv e  bay began a t  C o lle g e ; t h i s  p o r t io n  o f  t h e  AL in d e x  
is  id e n t ic a l  t o  th e  C o lle g e  r e c o rd s .  Such a g ra d u a l g ro w th  
o f  th e  n e g a t iv e  bay f i t s  w ith  th e  d e s c r ip t io n  o f  th e  g ro w th  
phase . H ow ever, th e  In u v ik  m a g n e tic  re c o rd  s u p e rp o s e d  on 
th e  AL in d e x  shows a f a i r l y  w e ll d e f in e d  n e g a t iv e  bay d u r in g  . 
t h i s  p e r io d  as w e ll as a t  0830 UT. A t 1000 UT, t h e  c e n te r  
l i n e  o f  th e  o v a ! was io c a te d  a t  a b o u t 6 8 .5 °N  CGL, a b o u t 270 km 
s o u th  o f  in u v ik ,  and i t s  a l l - s k y  camera re c o rd e d  c le a r l y  a c t iv e  
a u ro ra s .  Thus, on th e  b a s is  o f  b o th  th e  m a g n e tic  and a u r o r a l 
re c o rd s  fro m  In u v ik ,  i t  i s  c o n c lu d e d  t h a t  th e  ’ s lo w ' g ro w th  
n e g a t iv e  bay in  th e  AL in d e x  i s  m is le a d in g  i f  t h i s  's lo w ' 
g ro w th  is  in te r p r e te d  as a g ro w th  phase .
I t  is  im p o r ta n t t o  n o te  t h a t  such a u ro ra l a c t i v i t y  is  
n o t o b s e rv a b le  fro m  a t y p ic a l  a u ro ra l zo n e  s t a t i o n  ( l i k e  C o l le g e ) ,  
e x c e p t f o r  an e q u a to rw a rd  m o tio n  a s s o c ia te d  w i th  th e  e x p a n s io n  
o f  th e  o v a l .  The absence o f  a u ro ra l d is p la y s  n e a r  th e  z e n i th  
o f  a t y p ic a l  a u ro ra !  zone s t a t io n  does n o t  n e c e s s a r i ly  mean 
th e  absence o f  s u b s to rm s . A s in g le  a u r o r a l zone  a l l - s k y  cam era
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w i l l  o f t e n  be in a d e q u a te  t o  i d e n t i f y  th e  e x p a n s iv e  p h ase .
A n o th e r  c o m p lic a t io n  o c c u rre d  a ls o  on th e  same d a y . The 
AL in d e x  began to  in c re a s e  a t  1315 UT and s u d d e n ly  in c re a s e d  
a t  1440 UT a f t e r  a s l i g h t  d e c re a se  be tw een 1415 and 1440 UT.
The a l l - s k y  p h o to g ra p h s  ta k e n  fro m  C o lle g e  show th e  fo rm a t io n  
o f  p a tc h e s  n e a r th e  e q u a to rw a rd  b o u n d a ry  o f  th e  o v a l a t  1315 UT.
The p a tc h e s  fa d e d  betw een 1415 and 1440 UT and re a p p e a re d  
a t  1440 UT. S in ce  th e  fo rm a t io n  o f  p a tc h e s  i s  one  o f  th e  
m a jo r  f e a tu r e s  o f  a u ro ra l s u b s to rm s , we can c o n c lu d e  t h a t  
b o th  th e  g ra d u a l and sudden in c re a s e s  o f  th e  AL in d e x  in d ic a te d  
th e  o c c u r re n c e  o f  tw o  s u b s to rm s . I t  s h o u ld  be n o te d  t h a t  
th e  fo rm a t io n  o f  th e  p a tc h e s  was n o t  v i s i b l e  fro m  F o r t  Y ukon , 
s in c e  i t  o c c u rre d  nea r th e  e q u a to rw a rd  h o r iz o n  th e r e .
As m e n tio n e d  e a r l i e r ,  i t  is  d i f f i c u l t  t o  d e te c t  th e  o c c u r re n c e  
o f  s u b s to rm s  fro m  s u b -a u ro ra l zone s t a t io n s  d u r in g  f a i r l y  
q u ie t  p e r io d s .  For e xam p le , e x a m in in g  m a g n e tic  re c o rd s  fro m  
S o d a n k y la , Le i rv o g u r ,  G re a t W hale R -ive r, Meanook, S i t k a  and .
C o lle g e  on F e b ru a ry  14, 1968, A u b ry  and M cP herron  (1 9 7 0 ) c la im e d  
t h a t  no d i s t i n c t  su b s to rm  c o u ld  be i d e n t i f i e d .  H ow ever, th e  
m a g n e tic  re c o rd  from  Troms?! showed c le a r l y  a n e g a t iv e  bay 
o f  m a g n itu d e  o f  more th a n  I0 0 y  ( F ig u r e  9 ) ,  th u s  c a s t in g  d o u b t 
on some o f  t h e i r  c o n c lu s io n s .
Kokubun (1971) and N is h id a  and Kokubun (1 9 7 1 ) n o te d  th a t  
th e  e q u iv a le n t  c u r r e n t  sys te m  f o r  th e  g ro w th  phase c o n s is ts  
o f  tw o  v o r t i c e s  o f  c u r r e n ts  and t h a t  i t  i s  s i m i l a r ,  o r  e s s e n t i a l l y  
i d e n t i c a l ,  t o  th e  c u r r e n t  sys tem  f o r  th e  DP-2 v a r i a t i o n  (cf_. N is h id a  
and K okubun, 1971 ). A l l - s k y  camera d a ta  a re  a v a i la b le  f o r  s e v e ra l
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p r i o r  d e te r m in a t io n s  o f  th e  g ro w th  phase and D - -2  v a r i a t i o n s .
These e xa m p le s  w ere  s tu d ie d  t o  d e te rm in e  i f  g ro w th  phase and 
DP-2 c o n c lu s io n s  a re  v a l id  w i th  re s p e c t  t o  th e  known a u r o r a l  
s u b s to rm  phenomena.
F ig u re  10 show s, fro m  th e  t o p ,  th e  a n g le  8 (N e ss  e t  a I . ,  1964) 
o f  th e  in t e r p la n e t a r y  m a g n e tic  f i e l d ,  th e  Y co m ponen t m a g n e t ic  
re c o rd  Trom A i e r i ,  th e  AL in d e x ,  ana s e le c te d  a i i - s k y  cam era 
p h o to g ra p h s  fro m  M ould Bay (8 0 .9 ° N , CGL, 1600 km. p o le w a rd  
o f  C o lle g e )  on December I ,  1965. T h is  exa m p le  was e xam ined  
in  d e t a i l  by N is h id a  ( 197 i ) who i d e n t i f i e d  t h e  d is tu r b a n c e  
be tw een  1240 and 1310 UT t o  be th e  DP-2 v a r i a t i o n  and th e  
d is tu r b a n c e  1310 UT to  1510 UT t o  be th e  DP-1 ( a u r o r a l  e l e c t r o j e t )  
v a r i a t i o n .  The Mould Bay a l l - s k y  re c o rd s  show c l e a r l y ,  h o w e v e r, 
t h a t  a v i o l e n t  p o le w a rd  e x p a n s iv e  m o tio n  began a t  a b o u t 1230 UT. 
A c t iv e  a u ro ra s  c ro sse d  th e  z e n i t h  a b o u t 1254 -1 2 5 5  UT and w e n t 
f u r t h e r  p o le w a rd . In t h i s  c a s e , th e  p o le w a rd  e x p a n s iv e  m o tio n  
o f  a u ro ra s  o c c u r re d  d u r in g  th e  DP-2 v a r i a t i o n  w h ic h  i s  supposed  
t o  be d i s t i n c t  fro m  th e  DP-I v a r i a t i o n .
F ig u re  I I  shows th e  AL in d e x  and th e  g ro w th  ph a se s  d e te rm in e d  
by l i j i m a  and N agata  (197 1 ) and a ls o  th e  c o r re s p o n d in g  a l l - s k y  
p h o to g ra p h s  fro m  F o r t  Y u ko n . A g a in ,  an in te n s e  p o le w a rd  m o tio n  
i s  seen c le a r l y  d u r in g  th e  i n i t i a l  s lo w  g ro w th  o r  t h e i r  ’ g ro w th  
p h a s e ’ .
F ig u re  12 shows a n o th e r  exam p le  o f  s i m i l a r  in c o r r e c t  
i d e n t i f i c a t i o n .  The fo rm a t o f  th e  u p p e r p a r t  is  th e  same as 
t h a t  o f  F ig u re  10, and th e  lo w e r p a r t  shows s e le c te d  a l l - s k y
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p h o to g ra p h s  fro m  C o lle g e  on O c to b e r  2 , 1965. N is h id a  (1 9 7 1 ) 
i d e n t i f i e d  th re e  s u c c e s s iv e  DP-2 v a r i a t i o n s  w h ic h  w ere  fo l lo w e d  
by a DP-1 v a r ia t io n  and th e n  tw o  o t h e r  DP-2 v a r i a t i o n s .  The 
C o lle g e  a i I —sky  p h o to g ra p h s  shew , h o w e ve r, t h a t  d u r in g  th e  
f i r s t  th r e e  DP-2 v a r ia t io n s  a l l  th e  m a jo r  c h a r a c t e r i s t i c s  
o f  a u r o r a l  d is p la y s  d u r in g  a u r o r a l  s u b s to rm s  o c c u r r e d .  F i r s t  
o f  a l l ,  t h e r e  w ere tw o  w e s tw a rd  t r a v e l i n g  s u rg e s  ( I  132-1147 U T ), 
t h e  s u b s e q u e n t p o le w a rd  e x p a n s iv e  m o tio n  (1 1 5 0 -1 2 4 0 )  and th e  
e a s tw a rd  d r i f t i n g  ’ in v e r te d  9 ’ band (1 4 0 5 -1 4 1 6  U T ) . AM th e s e  
f e a tu r e s  a re  so  t y p ic a l  t h a t  th e r e  is  l i t t l e  a m b ig u i ty  a b o u t 
t h e i r  i d e n t i f i c a t i o n .  In  t h i s  c a s e , t o o ,  i t  m u s t be c o n c lu d e d  
t h a t  a u r o r a l  su b s to rm s  w e re  p ro g r e s s in g  d u r in g  th e  ’ g ro w th  
p h a s e ’ . . .
The  lo w e r  h a l f  o f  F ig u re  13 shows th e  AE, AU, AL and D .a > > 2-,-
in d ic e s  (Cape W e !le n , C o lle g e ,  B y rd ,  B a k e r  L a k e , Cape C h e ly u s k in ,  
M urm ansk, T ix ie  Bay and D ix o n ) on May 3 0 , I9 6 0 . The p e r io d  
in d ic a te d  by th e  l e t t e r  B f i t s  w e l l  th e  d e s c r ip t io n  o f  th e  
g ro w th  phase d e f in e d  by Kokubun (1 9 7 1 ) ;  in  p a r t i c u l a r ,  n o te  
t h a t  AU>AL and th e  D ^  in d e x  show s a s l i g h t  d e p r e s s io n .  H ow eve r, 
a p o le w a rd  m o tio n  o f  a u ro ra s  was o b s e rv e d  a t  B y rd  (6 8 .6 ° S  CGL) 
and  s u b s e q u e n t ly  a t  S o u th  P o le  (7 4 .7 °S  CGL) d u r in g  t h i s  p e r io d  
( F ig u r e  1 4 ) .  The p o le w a rd  m o tio n  began a b o u t 04 1 5  UT, and 
a u ro ra s  c ro s s e d  th e  z e n i th  o f  B y rd  a b o u t 0532 UT and o f  th e  
S o u th  P o le  a b o u t 0625 UT. From 0630 UT t o  a b o u t 0700 UT th e  
p o le w a rd  b ounda ry  o f  th e  in s ta n ta n e o u s  a u r o r a l  o v a l moved 
e q u a to rw a rd  a p p ro x im a te ly  f o u r  d e g re e s  o f  l a t i t u d e .  As th e
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g ro w th  o f  AL c o n t in u e d , th e  a u ro ra  a g a in  moved p o le w a rd , c ro s s in g  
t h e  •■'South P o le  z e n ith  a b o u t 0706 UT and e v e n tu a l ly  reached  
th e  p o le w a rd  h o r iz o n  o f  th e  S outh P o le  S t a t io n  (*v79°S CGL).
Thus p e r io d  B c a n n o t be th e  g ro w th  phase o f  th e  s u b s to rm  w ith  
th e  s h a rp  o n s e t n e g a t iv e  bay a b o u t 0830 UT. ^
T h e re  is  a ls o  a n o th e r  exam ple  in  w h ic h  th e  g ro w th  phase 
is  n o t c le a r l y  d e f in e d .  F ig u re  16 shows th e  H com ponent m a g n e tic  
re c o rd s  fro m  C o lle g e , B a rro w  and Cape Wei le n  on F e b ru a ry  13, 1968. 
A u b ry  and M cPherron (197 0 ) d e te rm in e d  th e  o n s e t  o f  th e  e x p a n s io n  
phase t o  be 1230 UT. In  s p i t e  o f  th e  b r i g h t  moon and fo g g y  
c o n d i t io n ,  a l l - s k y  p h o to g ra p h s  fro m  a l l  th e  A la s k a n  s t a t io n s  
( F o r t  Yukon, B e t t ie s ,  E a g le  and C o lle g e )  showed c o n s id e ra b le  
a u ro ra l a c t i v i t y  a f t e r  0800 UT. T h is  a c t i v i t y  can be seen 
c l e a r l y  in  th e  m a g n e tic  re c o rd s  fro m  C o lle g e  and B a rro w . The 
l a s t  in t e n s i f i c a t i o n  o f  a u ro ra l a c t i v i t y  began a b o u t 1215 UT, 
o r  even e a r l i e r ,  in  A la s k a  w h ich  was lo c a te d  in  th e  e a r ly  
m o rn in g  s e c to r ;  th e  Cape We I le n  re c o rd  shows th e  o n s e t o f  
a n e g a t iv e  bay a t  1145 U T. A ub ry  and M cP herron  (1 9 7 1 ) d e te rm in e d  
a ls o  th e  o n s e t t im e  o f  th e  e xp a n s io n  phase f o r  th e  second 
su b s to rm  t o  be 1510 UT. H ow ever, th e  a u r o r a l  s u b s to rm  a c t i v i t y  
began a t  1559 UT o r  e a r l i e r  in  A la s k a  ( t h e  l a s t  m o rn in g  s e c t o r ) .  
T h e ir  d e te rm in a t io n  o f  th e  o n s e t t im e  o f  th e  e x p a n s io n  phase 
was p a r t l y  based on a d e c re a s e  o f  th e  m a g n e t ic  f i e l d  i n t e n s i t y  
in  th e  d is t a n t  t a i l  w h ich  i s  u s u a l ly  a s s o c ia te d  w i th  th e  e xp a n s io n  
o f  th e  plasm a s h e e t ( c f .  Meng e t  a I . ,  1 9 7 1 ). H ow eve r, s im u lta n e o u s
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o b s e rv a t io n s  o f  th e  e x p a n s io n  by tw o  s a t e l l i t e s  in d ic a t e  t h a t  
th e  tim e s  when th e  e x p a n d in g  p lasm a s h e e t re a ch e s  s a t e l l i t e s  
a re  a cor p l ic a te d  fu n c t io n  o f  lo c a t io n  o f  s a t e l l i t e s  in  th e  
d i s t a n t  t a i l  (cf_. Meng e t  a I . ,  1 9 7 0 ).
The p re c e d in g  d is c u s s io n  shows c le a r ly  t h a t  i t  i s  d i f f i c u l t  
t o  d e f in e  th e  g ro w th  phase on th e  b a s is  o f  m a g n e tic  re c o rd s  
a lo n e . The i d e n t i f i c a t i o n  o f  a g ro w th  phase fro m  th e  m a g n e tic  
re c o rd s  f o r  any o f  th e  s u b s to rm  exam p les d is c u s s e d  in  t h i s  
p a p e r is  i n c o r r e c t .  I t  is  c o n c lu d e d  t h a t  u n t i l  ge o m a g n e tic  
f i e l d  v a r ia t io n s  d u r in g  an e a r ly  phase o f  m a g n e to s p h e r ic  su b s to rm s  
a re  w e ll e s ta b l is h e d ,  th e  g ro w th  phase s h o u ld  n o t  be d e f in e d  
on th e  b a s is  o f  a u ro ra l zone m a g n e tic  re c o rd s  a lo n e .
I t  s h o u ld  be n o te d  in  t h i s  c o n n e c t io n  t h a t  th e  AE in d e x  
s h o u ld  n o t been c o n s id e re d  t o  be p r o p o r t io n a l  t o  th e  t o t a l  
c u r r e n t  in t e n s i t y  o f  th e  a u ro ra l e i e c t r o j e t  because o f  th e  
la c k  o f  a c c u ra te  know ledge o f  th e  g ro w th  p a t te r n  o f  th e  e ie c t r o je t  
d u r in g  th e  e a r ly  phase o f  m a g n e to s p h e r ic  s u b s to rm s . I t  is  
a ls o  u n l i k e ly  t h a t  a l l  i n i t i a l  s lo w  g ro w th s  can be a t t r ib u t e d  
to  th e  e x p a n s io n  e f f e c t  o f  th e  o v a l a s s o c ia te d  w i th  s u c c e s s iv e  
s u b s to rm s . A s im i l a r  p a t te r n  o c c u rs  a ls o  in  th e  v i c i n i t y  
o f  th e  p a th  o f  w es tw ard  t r a v e l i n g  s u rg e s  (A k a s o fu  1968, p . 4 3 ) .
A kaso fu  ( I9 6 0 )  no ted  t h a t  r a p id  m o tio n s  o f  th e  a u ro ra l 
e i e c t r o je t  make i t  d i f f i c u l t  t o  assume t h a t  an o b s e rv e d  n e g a t iv e  
bay re p re s e n ts  t im e  v a r ia t io n s  o f  th e  t ^ t a l  in t e n s i t y  o f  th e  
e ie c t r o j e t .  A v e ry  ra p id  g ro w th  o f  th e  n e g a t iv e  bay c o u ld  
be e i t h e r  o r  b o th  a ra p id  g ro w th  and a ra p id  m o tio n  o f  th e
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e ie c t r o je t  to w a rd  th e  o b s e rv e r .  T h is  i s  q u i t e  common n e a r 
th e  p o le w a rd  e x p a n d in g  b u l.g e . S i m i l a r l y ,  a r a p id  decay o f  
n e g a t iv e  bays c o u ld  be e i t h e r  o r  b o th  a ra p id  decay and a ra p id  
m o tio n  o f  th e  e le c + r o je t  away fro m  th e  o b s e rv e r .
I t  is  a ls o  c le a r  t h a t  th e  absence o f  a u ro ra l d is p la y s  
o v e r  an a u ro ra l zone s t a t io n  in  th e  m id n ig h t  s e c to r  does n o t 
n e c e s s a r i ly  in d ic a te  th e  absence o f  a u r o r a l  s u b s to rm s . An 
a u ro ra l s u b s to rm  may o c c u r  a lm o s t beyond th e  f i e l d  o f  v ie w  
o f  a t y p ic a l  a u ro ra l zone s t a t i o n .  One m ust a ls o  be c a r e fu l  
in  i n t e r p r e t in g  an e q u a to rw a rd  m o tio n  o f  a u ro ra s ,  s in c e  th e r e  
a re  s e v e ra l causes w h ich  a re  n o t  r e la te d  to  th e  g ro w th  phase 
(A k a s o fu , K im b a ll and Meng 1 9 6 6 c ). . I n  p a r t i c u l a r ,  a s l i g h t  
e q u a to rw a rd  m o tio n  o f  th e  o v a l a l i t t l e  b e fo re  th e  a r r i v a l  . 
o f  w es tw ard  t r a v e l in g  su rg e s  o r  e a s tw a rd  d r i f t  m o tio n s  (A ka so fu  
1968, F ig u re  17) s h o u ld  n o t be i d e n t i f i e d  w i th  th e  g ro w th  
phase fe a tu r e .
In  b r i e f ,  ex tre m e  c a re  i s  needed t o  i d e n t i f y  th e  g ro w th  
phase w ith o u t  a c lo s e  n e tw o rk  o f  m a g n e tic  o r  a l l - s k y  s t a t io n s ,  
in  p a r t i c u la r  a m e r id ia n  c h a in  o f  s t a t i o n s .  The AE in d e x  
i s  a good in d e x  f o r  s u b s to rm s , b u t  i t  i s  to o  c ru d e  t o  i d e n t i f y  
th e  g row th  p h a se .
Thus f a r  th e  them e o f  t h i s  s e c t io n  has been t o  i l l u s t r a t e  
th e  p r i o r  and in c o r r e c t  i d e n t i f i c a t i o n s  o f  m a g n e to s p h e r ic  
s u b s to rm  g ro w th  p h a se s . One may a t t r i b u t e  th e  in a d e q u a c ie s  
o f  th e  d e te rm in a t io n s  t o  an i n s u f f i c i e n t  and p o s s ib ly  I n a p p r o p r ia te  
d a ta  base .
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Hones e t  a I . (1 9 7 1 ) have  shown t h a t  th e  a u ro ra !  b r ig h te n in g ,  
im m e d ia te ly  p r i o r  t o  th e  p o le w a rd  e x p a n s io n , t o  be a good 
i n d ic a t o r  o f  s u b s to rm  o n s e t .  The b r ig h t e n in g  o c c u rs  w i t h in  
th e  te m p o ra l u n c e r ta in t y  ( s e v e ra l m in u te s )  o f  th e  o n s e ts  
o f  o th e r  m a g n e to s p h e r ic  s u b s to rm  phenom ena, i . e .  p lasm a  s h e e t 
t h in n in g ,  a u ro ra l zone n e g a t iv e  b a y , and low l a t i t u d e  p o s i t i v e  
b a y . S in c e  th e  a u ro ra !  s u b s to rm  o n s e t  i s  o f t e n  u n a m b ig u o u s ly  
d e f in e d  and a p p a r e n t ly  an i n d i c a t o r  o f  th e  o n s e t  o f  a l l  su b s to rm  
phenomena, i t  is  n a tu r a l  t o  a sk  i f  t h e r e  a re  any o t h e r  a u r o r a l  
c h a r a c t e r ! s t i c s  t h a t  m ig h t  h e lp  t o  i d e n t i f y  th e  g ro w th  p h ase .
As m en tio n e d  p r e v io u s ly ,  s e v e ra l w o rk e rs  have  s u g g e s te d  o r  
o b s e rv e d  t h a t  m id n ig h t  s e c t o r  e q u a to rw a rd  a u r o r a l  m o t io n s  
p re c e d e  th e  e x p a n s iv e  phase o f  m a g n e to s p h e r ic  s u b s to rm s . H ow ever, 
a la rg e  u n c e r ta in t y  m ust e x i s t  in  th e s e  u n q u a l i f i e d  s ta te m e n ts  
because  e q u a to rw a rd  a u ro ra !  m o tio n s  a re  common th ro u g h o u t  
th e  n ig h t  s e c to r  (cf_ . D a v is  and K im b a l l ,  I9 6 0 ) .
An in s p e c t io n  o f  F ig u re s  4 -8  seems t o  show t h a t  th e r e  
a re  i n t e r e s t in g  and p ro n o u n ce d  m e r id io n a l  m o t io n s  p r i o r  t o  
t h e  s u b s to rm  e x p a n s iv e  p h a s e . O f th e  f i v e  da ys  a n a ly z e d ,  
a u r o r a l  su b s to rm s  o c c u r re d  n e a r m id n ig h t  on Decem ber 5 , 1969 
and Ja n u a ry  5 and 8 , 1970 t h a t  e x h ib i t e d  w e l l  d e f in e d  e x p a n s iv e  
phases and t h a t  w e re  n o t  p re ce d e d  b y  any u n u su a l m a g n e t ic  
a c t i v i t y  t h a t  w o u ld  c o n fu s e  th e  a u r o r a l  s i t u a t i o n  d u r in g  th e  
p o s s ib le  g ro w th  p h a s e . These ca se s  s h o u ld  be id e a l f o r  th e  
s tu d y  o f  p re -e x p a n s iv e  phase a u r o r a l  a c t i v i t y .  S e v e ra l in t e r e s t in g  
c h a r a c t e r i s t i c s  may be n o te d .
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F i r s t ,  up t o  60 -  120 m in u te s  p r i o r  t o  th e  e x p a n s iv e  phase 
o n s e t ,  th e  e q u a to rw a rd  d r i f t  r a te  o f  a u r o r a l  fo rm s  in c re a s e s .
M ozer ( ! 9 7 | )  s u g g e s te d  t h a t  such  an in c re a s e d  e q u a to rw a rd  speed 
a r is e s  fro m  an in c r e a s in g  w e s tw a rd  e l e c t r i c  f i e l d  d u r in g  t h i s  
p e r io d .  S econd , th e  p o le w a rd  s ky  is  r e l a t i v e l y  f r e e  o f  a u ro ra s  
j u s t  p r i o r  t o  th e  e x p a n s iv e  p h a s e . T h a t i s ,  th e  a u ro ra l o v a l 
in  th e  m id n ig h t  s e c to r  i s  re d u c e d  to  o n e , o r  p o s s ib ly  s e v e r a l ,  
e q u a to rw a rd  a u ro ra l a r c s  p r i o r  t o  t h e  a c t i v a t i o n  and th e  e x p a n s iv e  
phase . N o t ic e  t h a t  t h i s  e q u a to rw a rd  t h in n in g  o f  th e  m id n ig h t  
a u ro ra l b e l t  o c c u rs  d u r in g  th e  r e l a t i v e  m a g n e tic  q u ie t  p r i o r  
t o  th e  sudden o n s e t n e g a t iv e  bay o f  th e  e x p a n s iv e  phase. N o t ic e  
a ls o  t h a t  th e  e q u a to rw a rd  ’ s p r e a d ’ o f  th e  e x p a n s iv e  phase is  
m in o r  r e l a t i v e  t o  th e  e q u a to rw a rd  d r i f t s  t h a t  p re c e d e  th e  e x p a n s iv e  
ph a se . T h is  means t h a t  in  t h e  m id n ig h t  s e c to r  th e  a u ro ra l b e l t  
moved and th in n e d  e q u a to rw a rd  p r i o r  t o  th e  s u b s to rm  and r e l a t i v e l y  
l i t t l e  e q u a to rw a rd  m o t io n  was a s s o c ia te d  w i th  th e  e x p a n s iv e  
phase o f  th e s e  s u b s to rm s . On Decem ber 5 , 1969 tw o  s u b s to rm s  
o c c u r re d  w i t h in  a p p r o x im a te ly  one h o u r (M 0 4 0  and ^1130  U T ).
N o t ic e  t h a t  in  th e  second  s u b s to rm  th e  m id n ig h t  a u ro ra s  d r i f t e d  
and th in n e d  e q u a to rw a rd  p r i o r  t o  th e  weak i n t e n s i t y  b u t s i g n i f i c a n t  
p o le w a rd  e x p a n s io n '. T h is  is  in  c o n t r a s t  t o  th e  Ja n u a ry  5 , 1970 
d o u b le  s u b s to rm  s t r u c t u r e  (M 0 0 0  and M 0 4 5  UT) w here  th e  e q u a to rw a rd  
re c o v e ry  o f  th e  p o le w a rd  b o u n d a ry  o f  t h e  a u ro ra s  was in te r r u p te d  
by th e  second s u b s to rm  and p o le w a rd  e x p a n s io n . From th e s e  
l im i t e d  e xa m p le s , i t  a p p e a rs  t h a t  th e  e v e n in g ,  m id n ig h t  and 
p o s s ib ly  th e  e a r ly  m o rn in g  a u r o ra s  s h i f t  e q u a to rw a rd  p r i o r  
to  an ’ i s o la t e d ’ m a g n e to s p h e r ic  s u b s to rm ; w h e re a s  in  th e  m idday
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
s e c t o r ,  th e  a u ro ra s  s h i f t  e q u a to rw a rd  d u r in g  th e  su b s to rm  (A k a s o fu , 
1972a, b ) .  .
I t  is  th u s  o f  g r e a t  i n t e r e s t  t o  exam ine  in te r p la n e ta r y
m a g n e tic  f i e l d  c o n d i t io n s  d u r in g  th e  e q u a to rv /a rd  m o tio n s  p r i o r  
t o  th e  e x p a n s iv e  p h a se . A p r e l im in a r y  s tu d y  o f  E x p lo re r  33
and 35 s a t e l l i t e  d a ta  in d ic a te s  t h a t  on b o th  December 5 , 1969
and J a n u a ry  8 , 1970, t h e r e  was no c le a r  in d ic a t io n  o f  t h e  e xp e c te d  
r e la t io n s h ip ,  w h i le  on J a n u a ry  5 , 1970, th e  s i t u a t io n  was more 
o r  le s s  as e x p e c te d . I t  is  th u s  n e c e s s a ry  t o  exam ine  many 
more e v e n ts  b e fo re  b e in g  a b le  t o  i d e n t i f y  th e  e q u a to rw a rd  m o tio n  
t o  be a t r u e  m a n ife s ta t io n  o f  th e -g ro w th  p h a se . I t  s h o u ld  
be n o te d  in  t h i s  c o n n e c t io n  t h a t  th e  e q u a to rw a rd  m o tio n  does 
n o t o c c u r  c o n c u r r e n t ly  w i t h  th e  th in n in g  o f  th e  plasma s n e e t.  . 
Hones e t  a I . (1 9 7 1 ) showed t h a t  th e  th in n in g  b e g in s  a t  th e  
o n s e t t im e  o f  th e  e x p a n s iv e  ph a se .
The p o s s i b i l i t y  o f  a d e p re s s io n  o f  th e  H com ponent in  
lo w - Ia t i t u d e s  d u r in g  th e  e q u a to rw a rd  m o t io n  was a ls o  exa m in e d . 
Kokubun (19 7 1 ) s u g g e s te d  t h i s  p o s s ib le  m agnetogram  c h a r a c t e r i s t i c  
t o  be a m a n ife s ta t io n  o f  th e  g ro v /th  p h a s e . T h e re  w ere , how ever, 
no such  in d ic a t io n s  on any  o f  th e  days s tu d ie d .
M cPherron (1 9 7 0 ) n o te d  t h a t  th e r e  is  a s lo w  g ro w th  o f  
th e  AL in d e x  p r i o r  t o  t h e  e x p a n s iv e  p h a s e . The d a ta  exam ined 
do n o t  show any c o n s is te n t  in d ic a t io n  o f  such  a s lo w  g ro w th .
T h is  was d is c u s s e d  in  d e t a i l  in  p re v io u s  p a ra g ra p h s .
2 .3 . -3 .2  P o le w a rd  M o tio n s  and th e  E x p a n s iv e  Phase
The m ost s p e c ta c u la r  o f  th e  m e r id io n a l m o tio n s  is  th e  
p o le w a rd  e x p a n s iv e  m o tio n  o f  th e  m id n ig h t  s e c to r  o f  th e  a u ro ra l .
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o v a l a s s o c ia te d  w ith  th e  p o la r  m a g n e tic  s u b s to rm  (cf_. A k a s o fu , 19 6 8 ). 
P o lew ard  e x p a n s iv e  m o tio n s  w i t h in  an h o u r o f  lo c a l m a g n e tic  
m id n ig h t  w ere  o b s e rv e d  on December 5 , 1969, Ja n u a ry  5 and 8 , 1970 
and F e b ru a ry  14, 1970. The J a n u a ry  5 K I0 0 0  UT) and 8 (M 0 2 0  UT) 
e v e n ts  a re  th e  c le a r e s t  and a p p e a r  t o  be f r e e  o f  th e  c o m p lic a t io n s  
o f  o th e r  su p e rim posed  s u b s to rm  a c t i v i t y .  H ow ever, in  b o th  o f  
th e s e  c a s e s , th e  e x p a n s io n  was n o t p u r e ly  p o le w a rd  b u t  had 
a s i g n i f i c a n t  w es tw ard  com ponen t (se e  F ig u re  19 f o r  p h o to g ra p h s  
o f  th e  Ja n u a ry  8 , 1970 e v e n t ) .  The w e s tw a rd  com ponent in d ic a te s  
t h a t  th e  a u ro ra l s u b s to rm  may have  begun s l i g h t l y  e a s t  o f  th e  
A la ska n  m e r id ia n  and t h a t  th e  o b s e rv e d  m o tio n  was composed o f  
a p o le w a rd  e xp a n s io n  and a w e s tw a rd  t r a v e l in g  s u rg e . D u r in g  
a p o le w a rd  e x p a n s io n , th e  lo c a t io n  o f  th e  n o r th e rn  boundary 
o f  th e  e xp a n d in g  o v a l can be e a s i l y  d e f in e d  b u t  th e  a u ro ra l 
m o tio n s  w i t h in  th e  p o le w a rd  ’ b u lg e ’ a re  o f t e n  to o  v i o l e n t  to  
be s tu d ie d  in  d e t a i l  fro m  th e  a l l - s k y  cam era p h o to g ra p h s  (A k a s o fu  
e t  a I . ,  196 6 a ). In th e  cases  w here  i t  was p o s s ib le  t o  d e f in e  
th e  m e r id io n a l m o tio n s  o f  th e  fo rm s  w i t h in  th e  p o le w a rd  'b u lg e ’ , 
e q u a to rw a rd  m o tio n s  w ere  o b s e rv e d  p r i o r  t o  th e  t im e  t h a t  th e  
e x p a n s io n  had reached  i t s  m o s t p o le w a rd  p o in t ,  e . g . 1200 UT 
December 5 , 1969 and 1030 -  1130 UT J a n u a ry  5 , 1970. T h is  
is  a n o th e r  s i t u a t io n  t h a t  u n d o u b te d ly  adds t o  th e  dom inance 
o f  n ig h t  s e c to r  e q u a to rw a rd  m o tio n s  (D a v is  and K im b a ll ,  I9 6 0 ) .
From f ig u r e s  4 -8  one can see t h a t  in  g e n e ra l th e  p o le w a rd  
m o tio n  o f  a n ig h t  s e c to r  a u r o r a l  fo rm  was n o rm a lly  a s s o c ia te d  
w ith  o r  fo l lo w e d  an in c re a s e  in  a u r o r a l  zone m a g n e tic  a c t i v i t y .
An o b v io u s  e x c e p t io n  t o  t h i s  s ta te m e n t o c c u r re d  a t  0700 UT on
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F e b ru a ry  14, !970  when a ra p id  p o ie w a rd  m o tio n  was o b se rve d  
fo l lo w in g  a d e c re a se  in  a u ro ra l zone m a g n e tic  a c t i v i t y .  However, 
th e  in s p e c t io n  o f  th e  M ould Bay m a g n e tic  d a ta  shows t h a t  a n e g a t iv e  
bay o f  a p p ro x im a te ly  60 gammas o c c u r re d  in  th e  Y com ponent 
r e c o rd .  T h is  weak bay was n e a r ly  c o in c id e n t  w i th  th e  po le w a rd  
m o tio n  o f  th e  a u r o r a .  As d is c u s s e d  p r e v io u s ly ,  th e  AE in d e x  
may n o t be p r o p o r t io n a l ,  in  c e r t a in  s i t u a t i o n s ,  t o  th e  t o t a l  
in t e n s i t y  o f  th e  a u r o r a l e i e c t r o j e t .  T h is  s tu d y  s u g g e s ts  t h a t  
po le w a rd  a u r o r a l m o tio n s  in  th e  n ig h t  s e c to r  a re  a s e n s i t iv e  
in d ic a t o r  o f  m a g n e to s p h e r ic  a c t i v i t y ;  w h e re a s , w i th  th e  e x c e p t io n  
o f  th e  a p p a re n t m o rn ing  p o le w a rd  d r i f t ,  e q u a to rw a rd  m o tio n s  
do m in a te  th e  q u ie t  n ig h t  s e c to r  a u r o r a l  o v a l .
The .e q u a to rw a rd  m o tio n  o f  i r r e g u la r  a u r o r a l bands d u r in g  
a subs form  has been d e s c r ib e d  by A k a s o fu  e t  a I . (1 9 6 6 c ) . Examples
o f th e s e  m e r id io n a l m o t io n s 'a re  i l l u s t r a t e d  in  r e la t io n  t o  
th e  o th e r  m e r id io n a l m o tio n s  by n o t in g  th e  e q u a to rw a rd  e xp a n s io n  
o f  th e  s o u th e rn  b ounda ry  o f  th e  a u ro ra s  in  F ig u re s  4 ( M 130-1200 U T ), 
5 ( M 000 U T ), 6 (M  120-1230 U T ), 7 (M 0 2 0  U T ), and 8 (M  100-1 I 15 U T ). 
I t  is  no te d  t h a t  t h i s  s u b s to rm  a s s o c ia te d  e q u a to rw a rd  's p re a d ' 
is  r e l a t i v e l y  m in o r ,  s e v e ra l d e g rees  o f  l a t i t u d e ,  w h i le  th e  
p o le w a rd  e x p a n s io n  o f t e n  o c c u rs  o v e r  te n  de g re e s  o f  la t i t u d e .
. A n o th e r  c h a r a c t e r i s t i c  d i f f e r e n c e  be tw een th e  p o le w a rd  
and th e  e q u a to rw a rd  a u ro ra s  d u r in g  a s u b s to rm  is  t h a t  much low er 
in t e n s i t y  a u ro ra s  c o m p ris e  th e  e q u a to rw a rd -m o s t r e g io n  o f  a u ro ra l 
lu m in o s i ty .  The i r r e g u la r  bands and th e  d i f f u s e  a u ro ra s  a re  
weak com pared t o  th e  d is c r e te  a u ro ra s  t h a t  advance po le w a rd  
and t h a t  o ccu p y  th e  p o le w a rd  'b u lg e '  d u r in g  th e  a u ro ra l s u b s to rm .
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The e q u a to rw a rd  d i f f u s e  a u ro ra s  show l i t t l e  m e r id io n a l  m o t io n  
com pared t o  th e  r a p id ,  g e n e r a l ly  e a s tw a rd , l a t i t u d i n a l  d r i f t  
t h a t  is  e a s i ly  seen in  th e  c in e  p r o je c t io n  o f  th e  a l l - s k y  camera 
f i I  ms.
2 . 3 . 3 . 3  R ecovery Phase
E q u a to rw ard  a u r o r a l  m o tio n s  d u r in g  th e  re c o v e ry  phase 
o f  su b s to rm s have been d is c u s s e d  by A k a s o fu  e t  a I . (1 9 6 6 c ) .
They found  th a t  th e  c h a r a c t e r i s t i c  e q u a to rw a rd  re c o v e ry  speed 
was s lo w e r  th a n  th e  p o le w a rd  e x p a n s iv e  sp e e d , and t h a t  th e  
e q u a to rw a rd  re c o v e ry  may be in te r r u p te d  by a new s u b s to rm  t h a t  
w i l l  renew th e  p o le w a rd  m o t io n .  ■
F ro m 'th e  a n a ly s is  h e re ,  i t  i s  a p p a re n t  t h a t  e q u a to rw a rd  
m o t io n s ,  f o l lo w in g  th e  a d v e n t o f  th e  e x p a n s iv e  ph a se  o f  J-he 
a u r o r a l  s u b s to rm , b e g in  b e fo re  th e  p o le w a rd  e x p a n s io n  is  c o m p le te  
o r  ‘b e fo re  th e  p o le w a rd  e n v e lo p e s  b e g in  t o  c o n t r a c t  e q u a to rw a rd .
I t  i s  n o t  r e a d i ly  a p p a re n t fro m  th e  ca se  h i s t o r i e s  p re s e n te d  
in  th e s e  exam ples t h a t  th e  e q u a to rw a rd  re c o v e ry  speeds  a re  
le s s  th a n  th e  p o le w a rd  e x p a n s iv e  s p e e d s . When t h e  p o le w a rd  
e n v e lo p e  o f  th e  a u ro ra s  is  c o n s id e re d ,  th e n  th e  c o m p a ra t iv e  
s ta te m e n t a b o u t th e  speeds is  c o r r e c t  f o r  th e  s i t u a t i o n s  s tu d ie d .  
F u r th e r ,  i t  may be p e r t in e n t  t o  a s k  w h a t is  th e  re c o v e ry  phase 
o f  th e  a u ro ra l su b s to rm ?  is  i t  th e  re a p p e a ra n c e  o f  a s i g n i f i c a n t  
e q u a to rw a rd -c o m p o n e n t o f  m o tio n  w i t h in  t h e  p o le w a rd  ’ b u lg e ' 
o r  th e  su b se q u e n t e q u a to rw a rd  r e c o v e ry  o f  th e  a u r o r a l  fo rm  t h a t  
d e f in e s  th e  p o le w a rd  b o u n d a ry  o f  th e  'b u lg e '?
The Ja n u a ry  5 , 1970 d a ta  ( F ig u r e  5 ) show an e x c e l le n t  exam ple
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o f  an in te r r u p t io n  o f  th e  e q u a to rw ard  a u ro ra ! m o tio n s  o f th e  
re c o v e ry  phase by th e  o n s e t o f  a second polew ard  expansion  
a t  about 1045 UT. Note t h a t  th e  AL in d e x , c o n s tru c te d  from  
th e  a u ro ra l zone m agne tic  re c o rd s , shows o n ly  a g radua l o n s e t 
n e g a tiv e  bay and no d e f in i t e  h in t  o f  s u cce ss ive  substo rm s; 
whereas, th e  In u v ik  magnetogram shows c le a r ly  th e  doub le  bay 
s t r u c tu r e  t h a t  fo l lo w s  c lo s e ly  th e  po lew ard  m o tio n  o f  th e  a u ro ra s .
T h is  is  ano th e r example t h a t  i l l u s t r a t e s  th e  inadequancy o f
th e  AE index f o r  use in  d e ta i le d  s tu d ie s  o f  a u ro ra l and m agnetospheric
d ynam ics. I t  a ls o  p o in ts  tow ard  th e  im portance  o f  m agne tic
m e rid ia n  ch a in s  o f  o b s e rv a to r ie s  f o r  th e  d e ta i le d  s tu d y  and '
m o n ito r in g  o f  h ig h  la t i t u d e  m agne to sp h e ric  substorm  phenomena.
2 .3 .4 .  Summary
BoTh a l l - s k y  and m agne tic  re c o rd s  from  th e  A laskan m e rid ia n  
c h a in  o f  s ta t io n s  have p ro v id e d  and c la r i f i e d  s e v e ra l im p o rta n t 
fe a tu re s  o f a u ro ra l m o rpho logy . '
A. A lthough  th e  d a i ly  ’ s c a n n in g 1 by th e  c h a in  s ta t io n s  
re v e a ls  th e  gene ra l p a t te rn  o f  th e  a u ro ra l o v a l,  th e re  a re
a t  many tim e s  c o n s id e ra b le  d e p a rtu re s  from  th e  p a t te rn  suggested 
by th e  e a rth  r o ta t in g  beneath a q u a s i- s ta t io n a r y  a u ro ra l o v a l.
B. R egard less o f  th e  lo c a l t im e  in  th e  n ig h t  s e c to r ,  in d iv id u a l 
a u ro ra l form s d r i f t  g e n e ra l ly  equa to rw a rd  w ith in  th e  band o f 
la t i tu d e s  where a u ro ra s  a re  observed most f r e q u e n t ly ,  ?.e .
th e  s t a t i s t i c a l  a u ro ra l o v a l .  The e x c e p tio n  to  th e  equatorw ard  
d r i f t  occu rs  d u r in g  b r ie f  p e r io d s  o f  th e  e xp ans ive  phase o f  
a u ro ra l substorm s o r  in  a s s o c ia t io n  w ith  le ss  w e ll d e fin e d
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in c re a s e s  in  a u r o r a l o v a l m a g n e tic  a c t i v i t y .  The dom inance 
o f  th e  e q u a to rw a rd  d r i f t  m o tio n s  th r o u g h o u t  th e  n ig h t  is  in  
agreem en- w ith  a s t a t i s t i c a l  s tu d y  by D a v is  and K im b a ll ( i9 6 0 ) .
C. P o lew ard  a u ro ra l m o t io n s ,  'w i t h in  th e  n ig h t  s e c to r ,  
a p p e a r to  be a s e n s i t iv e  i n d ic a t o r  o f  m a g n e to s p h e r ic  s u b s to rm  
a c t i v i  t y .
D. The re  seems to  be an enhanced e q u a to rw a rd  d r i f t  o f  
a u r o r a l fo rm s 60 -  120 m in u te s  p r i o r  t o  th e  o n s e t  o f  th e  e x p a n s iv e  
phase o f  an a u ro ra l s u b s to rm . The e q u a to rw a rd  d r i f t  (P u d o v k in
e t  a I . ,  1968; F e ld s te in ,  1971; KeI Iy  e t  a I . ,  1971; and M ozer,
19 7 i ) and th e  ’ c l e a r i n g 1 o f  th e  p o le w a rd  sky  r e s u l t  in  an e q u a to rw a rd  
th in n in g  o f  th e  a u ro ra l o v a l .  H ow ever, s in c e  th e  e q u a to rw a rd  
d r i f t  m o tio n  o f  a u ro ra s  is  a common f e a t u r e ,  a n o th e r  in d e p e n d e n t 
phenomenon is  n e e d e d 'to  d e f in e  d e f i n i t e l y  th e  g ro w th  phase .
From th e  exam p les c o n s id e re d , th e r e  does n o t  a p p e a r t o  be 
any unam biguous c h a r a c t e r i s t i c  o f  th e  AU o r  th e  AL in d ic e s  
v th a t  can be a s s o c ia te d  w ith  th e  enhanced e q u a to rw a rd  d r i f t  
o f  a u ro ra s  p r i o r  t o  th e  o n s e t o f  an a u r o r a l  s u b s to rm  in  th e  
m id n ig h t  s e c to r .  A p r e l im in a r y  e x a m in a t io n  o f  th e  c o r re s p o n d in g  
in te r p la n e ta r y  c o n d i t io n s  a t  a b o u t th e  o n s e t  o f  th e  enhanced 
e q u a to rw a rd  d r i f t  is  in c o n c lu s iv e .  T h e re  is  a ls o  no c o n s is te n t  
r e la t io n s h ip  betw een th e  c la im e d  m a n ife s ta t io n s  o f  th e  g ro w th  
phase and th e  e q u a to rw a rd  m o t io n .
E. D u r in g  an a u r o r a l s u b s to rm , e q u a to rw a rd  m o tio n s  o f  
a u r o r a l  fo rm s may o c c u r  w i t h in  th e  e x p a n d in g  ’ b u lg e ' b e fo re
th e  po lew ard  boun d a ry  o f  th e  ’ b u lg e ’ re a c h e s  i t s  h ig h e s t  la t i t u d e .
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F. The speed o f  th e  e q u a to rw a rd  a u r o r a l m o tio n s  may be, 
a t  t im e s ,  o f  th e  same m a g n itu d e  o r  even g r e a te r  th a n  th e  speed 
o f  th e  po lew ard  e x p a n s iv e  m o tio n s  o f  th e  a u ro ra l s u b s tc rm .
G. A M -s k y  cam era d a ta  a n a ly s e s  i l l u s t r a t e ,  by case  s tu d y ,  
th e  c o n t r a c t io n  o f  t h e .a u r o r a l  o v a l a s s o c ia te d  w i th  a d e c re a s e  
in  s o la r  a c t i v i t y .  . ..
2 .4  AUROKAL SUBS FORMS OH THE CONTRACTED AURORAL OVAL
2 .4 .1  In t r o d u c t io n
S e ve ra l w o rk e rs  have no te d  t h a t  th e  a u r o r a l  o v a l c o n t r a c t s  
p o le w a rd  d u r in g  p e r io d s  o f  m a g n e to q u ie t. S t r i  n g e r  e t  a I . ( IS 6 5 )  
have shown s p e c i f i c  exam ples t h a t  d u r in g  IQSY p e r io d s  o f  z e ro  
and v e ry  weak m a g n e tic  d is tu rb a n c e  t h a t  th e  m id n ig h t  s e c to r  
a u ro ra s  c o n t r a c t  p o le w a rd  t o  n e a r  75° d ip o le  l a t i t u d e .  The 
w o rk  o f  F e ld s te in  and S ta rk o v  (1967 ) and S ta rk o v  and F e ld s te in
(1967b ) has shown th e  e q u a to rw a rd  bou n d a ry  o f  t h e  m id n ig h t  s e c to r
Q = 0 s t a t i s t i c a l  a u ro ra l o v a l t o  be lo c a te d  n e a r  70° l a t i t u d e
(CGL) d u r in g  b o th  th e  IGY and th e  IQSY. F o r > -3 0  gammas
(m ore p o s i t iv e )  and Q = 3 , th e  e q u a to rw a rd  b o u n d a ry  o f  th e  
m id n ig h t  s e c to r  o f  th e  a u r o r a l o v a l s h i f t s  t o  n e a r  65° CGL 
( F e ld s te in  and S ta rk o v ,  1967; S ta rk o v  and F e ld s te in ,  1968;
S ta rk o v  and F e ld s te in ,  1 9 6 7 ). The u p p e r l i m i t  o f  th e  m a g n e tic  
d is tu rb a n c e  a m p litu d e  f o r  Q = 3 is  80 gammas ( B a r t e ls ,  1 9 5 7 ).
T h is  s u g g e s ts  t h a t  an a u r o r a l zone s t a t i o n ,  such  as C o lle g e ,  
A la s k a  (6 4 .9 °N , CGL) w ou ld  be s t a t i s t i c a l l y  j u s t  e q u a to rw a rd  
o f  o r  even beneath  th e  m id n ig h t  s e c to r  a u ro ra s  f o r  a l l  a s s o c ia te d  
p o la r  m a g n e tic  su b s to rm s  w ith  a d is tu rb a n c e 'a m p  I i t u d e  g r e a te r
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th a n  o r  equa l t o  80 gammas. .
I t  s h o u ld  be no ted  t h a t  th e  m id n ig h t  s e c to r  Q in d ic e s ,  
r e fe r r e d  t o  by th e  R u ss ia n  w o rk e rs , a re  th o s e  red u ce d  to  th e  
v a lu e  o f  th e  Q in d e x  f o r  6 4 .5 °N  CGL ( F e ld s te in  and S ta rk o v ,
1 9 6 7 ). W ith  t h i s  f a c t ,  th e r e  re m a in s  th e  p o s s i b i l i t y  t h a t  a u r o r a l 
and p o la r  m a g n e tic  s u b s to rm s  do o c c u r  on th e  c o n t r a c te d  o v a l ;  
y e t ,  th e  a s s o c ia te d  m a g n e tic  d is tu rb a n c e  a t  ^ 6 5 °  la t i t u d e  (CGL) 
is  r e l a t i v e l y  m in o r ( le s s  th a n  'v IQO gammas). The p u rp o se  
o f  t h i s  s e c t io n  is  t o  p re s e n t o b s e r v a t io n a l e v id e n c e  fro m  th e  
A la s k a n  m e r id ia n  c h a in  t h a t  in te n s e  a u ro ra !  and p o la r  m a g n e tic  
s u b s to rm s  do o c c u r  on th e  c o n t ra c te d  o v a l w i t h  o n ly  m in o r  in d ic a t io n s  • 
a t  a t y p i c a l  a u ro ra l zone l a t i t u d e  s t a t io n  such  as C o lle g e .
Two such su b s to rm s  w i l l  be d is c u s s e d  t h a t  w ere  o b se rve d  
n e a r lo c a l m id n ig h t  by th e  A la s k a n  m e r id ia n  c h a in  on J a n u a ry  
5 and 3 , 1970.
2 .4 .2  Ja n u a ry  5 , 1970 A u ro ra l S ubs to rm  '
On J a n u a ry  5 , 1970 th e  e q u a to rw a rd  m ig r a t io n  o f  a u ro ra s ,  
d is c u s s e d  in  p re v io u s  s e c t io n  as a p o s s ib le  p re -e x p a n s iv e  phase, 
c u lm in a te d  in  th e  0917 UT a p pea rance  o f  a new a u r o r a l  a r c  a b o u t 
120 k i lo m e te r s  po le w a rd  o f  F o r t  Yukon (F ig u re  5 ) .  A t  0923 UT 
t h i s  a rc  b r ig h te n e d  f o r  a s h o r t  t im e  and d r i f t e d  s l i g h t l y  p o le w a rd  —  
p o s s ib ly  in  a s s o c ia t io n  w i th  th e  s l i g h t  n e g a t iv e  bay (V70 gammas) 
in  th e  AL in d e x . A t 0954 UT t h i s  same a r c  s u d d e n ly  b r ig h te n e d ,  
and a t  0957 UT th e  e x p a n s iv e  phase o f  th e  a u r o r a l  su b s to rm  began.
The p o le w a rd  m oving a u ro ra s  c ro s s e d  th e  In u v ik  z e n i t h  a b o u t 
1000 UT, and a v e ry  sh a rp  o n s e t n e g a t iv e  bay o f  a b o u t 350 gammas
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began a t  In u v ik  j u s t  a fe w  m in u te s  p r i o r  t o  t h e  p o le w a rd  m o tio n  
o f  th e  a u ro ra s  th ro u g h  th e  In u v ik  z e n i th  ( F ig u r e  5 ) .  A f t e r  
1004 l'T  J he e q u a to rw a rd  m ov ing  a rc  o f  th e  a u r o r a !  s u b s to rm  
d is in t e g r a t e d  in to  p a tc h e s  t h a t  p r e v a i le d  f o r  a b o u t 10 m in u te s  
in  a p o s i t io n  p o le w a rd  o f  'v 6 6 .7 °N  CGL. A r e i n t e n s i f i c a t i o n  
o f  th e  s u b s to rm  phenomena a f t e r  1030 UT r e s u l t e d  in  th e  p o le w a rd  
’ b u lg e ’ e xp a n d in g  p o le w a rd  t o  a p p ro x im a te ly  7 7 .5 °N  CGL by 
1145 UT; how eve r, th e r e  w ere  no a u ro ra s  o b s e rv e d  e q u a to rw a rd  
o f  *  6 8 .5 °N  CGL.
I t  is  im p o r ta n t t o  n o te  s e v e ra l a s p e c ts  o f  t h i s  d is tu r b a n c e .  
A l l  a u ro ra s  a s s o c ia te d  w i th  t h i s  in te n s e  s u b s to rm  o c c u r re d  p o le w a rd  
o f  6 6 .7 °N  CGL. O n ly  a m in o r ,  'v 50 gamma, p o s i t i v e  bay was 
o b s e rv e d  a t  C o lle g e  (6 4 .9 °N  CGL) w hereas I n u v ik  re c o rd e d  an 
in te n s e ,  350 gamma, n e g a t iv e  bay (F ig u re  1 7 ) .
2 .4 .3  J a n u a ry  8 , 1970 A u ro ra l S ubs to rm
The su b s to rm  o f  J a n u a ry  8 , 1970 was s i m i l a r  in  many re s p e c ts  
t o  th e  Ja n u a ry  5, 1970 s u b s to rm . The a u r o r a l  s u b s to rm  o c c u r re d  
p o le w a rd  o f  66 .9 °N  CGL. The m a g n e tic  ’ s i g n a t u r e ’ o f  th e  s u b s to rm  
a t  C o lle g e  was a m in o r ,  g e n e r a l ly  p o s i t i v e ,  p e r t u r b a t io n  com pared 
t o  th e  270 gamma n e g a t iv e  bay re c o rd e d  a t  I n u v ik  ( F ig u r e  1 8 ) .
The e x p a n s iv e  phase o f  t h i s  s u b s to rm  was a ls o  p re c e d e d  by an 
e q u a to rw a rd  ’ t h in n in g ’ o f  th e  a u r o r a l  o v a l a t  a b o u t 69°N CGL 
( F ig u r e  7 ) .  T h is  t h in n in g  began a lm o s t tw o  h o u rs  p r i o r  t o  
th e  e x p a n s iv e  ph a se . These p re -s u b s to rm  a u r o r a l  fo rm s  w ere 
a t  t im e s  b r i g h t  and a c t i v e  bands ( e . g .  0 9 0 0 -0 9 3 0  U T ) . A t  0920 
UT and I CO I UT th e  e q u a to rw a rd -m o s t a r c  b r ig h te n e d  t r a n s i e n t l y  
and d r i f t e d  p o le w a rd . From 1017 t o  1020 UT th e  a u r o r a l  o v a l
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n a rro w e d  t o  a s in g le  a rc  t h a t  b r ig h te n e d  fro m  e a s t  t o  w e s t;  
t h e  e x p a n s iv e  phase o f  t h e  a u r o r a l  s u b s to rm  fo l lo w e d  im m e d ia te ly .  
The p o le w a rd  ’ b u lg e ' a u r o r a l  fo rm s  w ere  v e r y  b r i g h t  and a c t i v e  
w i t h  no o rg a n iz e d  in t e r n a l  m o tio n  d is c e r n a b le  in  c in e  p r o je c t io n  
o f  th e  a l l - s k y  cam era d a ta .  The p o le w a rd  e x p a n s io n  can be 
re c o g n iz e d  e a s i ly  by c o m p a rin g  th e  s im u lta n e o u s  p h o to g ra p h s  
fro m  S achs H a rb o u r and In u v ik  ( F ig u r e  1 9 ) .
2 . 4 . 4  D is c u s s io n  .
From F ig u re s  5 , 7 , !7 ,  18 and 19, j t  is  e a s i l y  seen t h a t  
a u r o r a l  and p o la r  m a g n e tic  s u b s to rm s  do o c c u r  on th e  c o n t r a c te d  
a u r o r a l  o v a l .  The fe a tu r e s  o f  th e s e  s u b s to rm s  a re  i d e n t i c a l ,  
w i t h  th e  e x c e p t io n  o f  th e  l a t i t u d e  o f  o c c u r r e n c e ,  t o  th o s e  
t h a t  o c c u r  a t  t y p ic a l  a u r o r a l  zone l a t i t u d e s .  I t  is  a ls o  e a s '- ly  
seen t h a t  th e  m a g n e tic  and a u r o r a l  r e c o rd s  fro m  a u r o r a l  zone 
l a t i t u d e s  g iv e  l i t t l e  h i n t  o f  t h e  o c c u r re n c e  o f  s u b s to rm s  on 
th e  c o n t r a c te d  o v a l .  T h e re fo re  w i t h o u t  a m e r id ia n  c h a in  o f  
o b s e r v a to r ie s ,  t h a t  e x te n d s  t o  a b o u t 7 5 °  CGL, i t  is  n o t  p o s s ib le  
t o  m o n ito r  s u b s to rm  a c t i v i t y  d u r in g  q u ie t  p e r io d s  such as 
d is c u s s e d  f o r  J a n u a ry  5 and 8 , 1970.
2 .5  CONTINUOUS AURORAL OBSERVATIONS
2 .5 .1  L im i t in g  F a c to rs  f o r  C o n tin u o u s  A u r o r a l O b s e rv a t io n s
As d is c u s s e d  in  th e  p re v io u s  s e c t io n s  o f  t h i s  c h a p te r ,  
t h e  m a g n e t ic  m e r id ia n  o b s e rv in g  c h a in  i s  t h e  m os t e f f i c i e n t  
way t o  m o n ito r  th e  a u r o r a l  o v a l .  The m e r id ia n  c h a in  may be 
com pared  t o  an a z im u th  scan  r a d a r  t h a t  ’ s c a n s ’ th e  a u r o r a l  
o v a l o n ce  p e r  d a y . The A la s k a n  m e r id ia n  c h a in  i s  id e a l f o r
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th e  s y s te m a t ic  m o n ito r in g  o f  th e  n ig h t  s e c to r  a u ro ra s ;  h ow eve r, 
s u n l ig h t  p re c lu d e s  d a y -s e c to r  o b s e rv a t io n s  e x c e p t f o r  p o s s ib ly  
n e a r th e  w in te r  s o l s t i c e .  S in ce  u p p e r  a tm o s p h e r ic  l i g h t i n g  
c o n d i t io n s  a re  a s t ro n g  g o v e rn in g  f a c t o r  f o r  any  ty p e  o f  o p t ic a l  
a u r o r a l m easurem ent, th e  fo l lo w in g  p a ra g ra p h  w i l l  o u t l i n e  th e  
m a jo r  l im i t a t io n s  in  th e  n o r th e rn  h e m is p h e re . The d is c u s s io n  
w i l l  ig n o re  t r o p o s p h e r ic  w e a th e r c o n d i t io n s .
F o r th e  h ig h e s t  p o te n t ia l  o f  o b s e rv in g  a u ro ra s  any day 
o f  t h e  y e a r n e a r m a g n e tic  m id n ig h t ,  one  r e q u ir e s  a g ro u n d  s t a t io n  
w i th  a r e l a t i v e l y  low  g e o g ra p h ic  la t i t u d e  f o r  a c o r re s p o n d in g  
g e o m a g n e tic  l a t i t u d e  o f  'a p p ro x im a te ly  65 t o  7 0 °  CGL. In  th e  ' . 
n o r th e rn  -hem isphe re , t h i s  re g io n  is  lo c a te d  in  th e  e a s te rn  
Hudson Bay a re a  o f  Canada.
F o r th e  h ig h e s t  p o te n t ia l  o f  o b s e rv in g  a u ro ra s  f o r  a f u l I  
24 h o u r  p e r io d  n e a r th e  w in te r  s o l s t i c e ,  one  r e q u ir e s  a g round  
s t a t io n  w ith  r e l a t i v e l y  h ig h  g e o g ra p h ic  l a t i t u d e  f o r  a c o rre s p o n d in g  
g e o m a g n e tic  la t i t u d e  o f  a p p ro x im a te ly  73 t o  7 8 °  CGL. The m ost 
fa v o r a b le  land a re a s  in  th e  n o r th e rn  h e m is p h e re  a re  n o r th e a s te rn  
G re e n la n d , S v a lb a rd ,  F ranz  J o s e f Land , and S eve rn a ya  Z e m lya .
F ig u re  20 w i l l  h e lp  t o  i l l u s t r a t e  t h e  p re c e d in g ,  and s e v e ra l 
f o l lo w in g ,  c o n s id e r a t io n s .  The g e o g ra p h ic  o u t l in e s  o f  th e  
m a jo r  land a re a s  f o r  h ig h  la t i t u d e s  in  th e  n o r th e r n  h e m isp h e re  
a re  shown as t r a n s fo rm e d  in to  th e  c o r r e c te d  g e o m a g n e tic  c o o r d in a te  
sys te m  (W halen, 1 9 7 0 ). The 50 k i lo m e te r  shadow h e ig h t  a t  lo c a l 
s o la r  noon is  shown f o r  v a r io u s  d a te s .  A ls o  shown a re  s e v e ra l 
c o n s ta n t  ge o m a g n e tic  la t i t u d e  (CGL) c i r c l e s .
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To o b s e rv e  a u ro ra s  fro m  a g round  based o b s e rv a to ry  o r  
even a j e t  a i r c r a f t ,  th e  u p pe r a tm o sp h e re  c a n n o t be s u n l i t  
b e low  50 k i lo m e te r s ,  a t  th e  a b s o lu te  lo w e s t,  and p r e fe r a b ly  
n o t  be low  100 k i lo m e te r s .  These shadow h e ig h ts  c o rre s p o n d  
t o  s o la r  d e p re s s io n  a n g le s  o f  seven and te n  d e g re e s  r e s p e c t iv e ly .  
I f  s u n l ig h t  i l lu m in a te s  th e  a tm o sp h e re  be low  50 k i lo m e te r s ,  
th e  sea h ie  red  sun l ig h t '  w i l l  p re v e n t o p t ic a !  o b s e rv a t io n s  o f  
a u r o r a .
A n o th e r  l im i t i n g  f a c t o r  is  m o o n lig h t .  M o o n lig h t  in t e r f e r e s  
w i th  m os t o p t ic a l  a u r o r a l  o b s e rv a t io n s  -  e s p e c ia l ly  th o s e  o f  
th e  f a i n t e r  a u ro ra l fo rm s  t h a t  c o m p ris e  th e  m idday  s e c to r  o f  
th e  a u r o r a l  o v a l.  M o o n lig h t  can become a s i g n i f i c a n t  p ro b le m  
when o n e -c o n s id e rs  t h a t  a t  h ig h  g e o g ra p h ic  l a t i t u d e s  t h a t  th e  
w in te r  moon may be c o n t in u o u s ly  above th e  h o r iz o n  f o r  s e v e ra l 
days a b o u t th e  t im e  o f  th e  f u l l  moon.
I t  s h o u ld  be p o in te d  o u t  t h a t  th e  advances  in  l i g h t i n g  
te c h n o lo g y  a re  a ls o  im p o r ta n t  t o  c o n s id e r .  The i n s t a l l a t i o n  
o f  m e rc u ry  and sodium  v a p o r  e x t e r io r  l i g h t i n g  a t  re m o te  a r c t i c  
s t a t io n s  has been d e t r im e n ta l  t o  th e  q u a l i t y  o f  th e  a l l - s k y  
c a m e ra .d a ta  —  e s p e c ia l ly  u n d e r b lo w in g  snow c o n d i t io n s .  T h is  
f a c t  i s  c l e a r ly  i l l u s t r a t e d  when th e  e x c e l le n t  d a ta  ta k e n  a t  
M ould Bay in  th e  e a r ly  1960s ( w i t h o u t  h ig h  in t e n s i t y  e x t e r i o r  
l i g h t i n g )  a re  compared t o  th o s e  d a ta  fro m  th e  re c e n t  p a s t  ( w i th  
h ig h  in t e n s i t y  e x t e r io r  l i g h t i n g ) .
2 .5 .2  A S o u th e rn  H em isphe re  A u ro ra l O b s e rv in g  C h a in
From th e  t i t l e  o f  t h i s  s e c t io n  and th e  p re v io u s  d is c u s s io n ,
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i t  may be in fe r r e d  t h a t  th e re  a re  c e r t a in  a d v a n ta g e s  in  a u ro ra !  
d a ta  a c q u ire d  In th e  s o u th e rn  h e m is p h e re . S o u th  P o le  S ta t io n  
(A m u n d s e n -S c o tt)  is  lo c a te d  a t  90°S g e o g ra p h ic  and has a fa v o ra b le  
g e o m a g n e tic  la t i t u d e  (7 4 .7 °S  CGL) f o r  a u r o r a l  o b s e r v a t io n s .
S outh  P o le  is  co m p lim e n te d  by B yrd  S ta t io n  lo c a te d  a t  80°S  g e o g ra p h ic  
l a t i t u d e  and a t  6 8 .6 °S  CGL. D a v is  and D e W itt (1 9 6 3 ) d e m o n s tra te d  
th e  v a lu e  c f  th e  B yrd  d a ta  in  th e  d e te r m in a t io n  o f  c h a r a c t e r i s t i c  
a u r o r a l  m o t io n s .  S im u lta n e o u s  d a ta  fro m  b o th  s t a t io n s  become 
more in t e r e s t in g  when one n o te s  t h a t  th e s e  tw o  s t a t io n s  a re  
s e p a ra te d  by o n ly  2 5 .6 °  in  g e o m a g n e tic  lo n g i tu d e  ( a p p ro x im a te ly  
I h o u r '4 0  m in u te s  in  g e o m a g n e tic  t im e ,  CG LT). T h is  means t h a t .
B yrd  a n d -S o u th  P o le  fo rm  a tw o  s t a t io n  1q u a s i - m e r id ia n 1 o b s e rv in g  
c h a in .
2 .5 .3  C o n tin u o u s  A u ro ra l O b s e rv a t io n s  f o r  May 3 0 , i9 6 0  
- A l l - s k y  camera f i lm s  w ere re v ie w e d  f o r  b o th  s t a t io n s  f o r  
a p p ro x im a te ly  one o b s e rv in g  season t o  f i n d  a day  w ith  c le a r  
s k ie s  and a u ro ra s  a t  b o th  s t a t io n s .  May 3 0 , I9 6 0 , a day a ls o  
c o n s id e re d  by D a v is  and DeVJi+t (1 9 6 3 ) ,  was s e le c te d  f o r  in v e s t ig a t io n .  
The m e r id io n a l p o s i t io n  and c h a r a c te r  ( d i f f u s e  o r  d is c r e t e )  
o f  each a u r o r a l  fo rm  was d e te rm in e d , and th e  r e s u l t s  a re  shown 
in  F ig u re  13 in  a s im i l a r  fo rm a t  t o  th e  A la s k a n  m e r id ia n  f ig u r e s .
S in c e  th e  s t a t io n s  a re  s e p a ra te d  by a lm o s t  tw o  h o u rs  in  g e o m a g n e tic  
t im e ,  th e  p o le w a rd  and th e  e q u a to rw a rd  b o u n d a r ie s  o f  th e  Q = 3 
s t a t i s t i c a l  a u ro ra l o v a l w ere d e f in e d  s e p a r a te ly  by th e  d is ta n c e s  
fro m  S ou th  P o le  and B yrd  r e s p e c t iv e ly .  S in c e  g ro u n d  p r o je c t io n  
p o s i t io n  d a ta  a re  u n c e r ta in  f o r  la rg e  z e n i th  a n g le s ,  a u r o r a l 
fo rm s  f o r  Z>80° have been g rouped  in t o  tw o  c a te g o r ie s  (p o le w a rd
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and e q u a to rw a rd  o f  each s t a t i o n )  and a re  d is p la y e d  in  F ig u r e  
13 by dashed l in e s .  No a t te m p t  has been made t o  sm ooth  th e  
d a ta  because o f  th e  l a t i t u d i n a l  and th e  te m p o ra l s e p a r a t io n s  
o f  th e  s t a t io n s .
The g e o m a g n e tic  f i e l d  was m o d e ra te ly  d is tu r b e d  on May 
3 0 , i9 6 0 . The lo w e r h a l f  o f  F ig u re  13 shows t h a t  s e v e ra l p o la r  
m a g n e tic  s u b s to rm s  o c c u r re d  and t h a t  th e  e q u a t o r ia l  in d e x
d e c re a se d  t o  a m inimum o f  -4 9  gammas a.t 1700 UT (S u g iu ra  and 
P o ro s , 1 9 7 0 ). Kp ranged  fro m  2o t o  4+ and ZK^ f o r  th e  day 
was 2 5 -  (S o la r -G e o p h y s ic a i D a ta , J u ly ,  I9 6 0 ) .
As b e fo r e ,  w ith  th e  A la s k a n  m e r id ia n  c h a in ,  th e  's c a n n in g ' 
speed a ro u n d  th e  a u ro ra !  o v a l is  to o  s lo w  t o  d e p ic t  th e  in s ta n ta n e o u s  
a z im u th a l d is p la y  o f  th e  o v a l .  Y e t ,  th e  tw o  s t a t io n  c h a in  
d a ta  re v e a l t h a t  a g ro s s  o v a l p a t te r n  does em erge fro m  th e  
c o m p le te  24 h o u r 's c a n ' ( F ig u r e  1 3 ).
S in c e  ZK^ was g r e a te r  th a n  10 f o r  May 3 0 ,.  I9 6 0 , one w o u ld  
e x p e c t t o  f i n d  a c o n t in u o u s  band o f  a u ro ra s  a ro u n d  th e  g e o m a g n e tic  
p o le  (Buchau e t  a I . , 1 9 7 0 ); w i t h  m in o r  e x c e p t io n s ,  t h i s  was 
th e  s i t u a t i o n  fo u n d . D is c r e te  a u ro ra s  w ere  n o t  o b s e rv e d  c o n t in u o u s ly  
f o r  tw o  p e r io d s :  ^ 0 0 1 5 t o  0105 UT and M 0 0 0  t o  1030 UT. D u r in g  
th e  e a r l i e r  p e r io d  th e  a u ro ra s  d is a p p e a re d  and re a p p e a re d  a t  
s im i l a r  l a t i t u d e s .  T h is  s u g g e s ts  t h a t  t h e  f i r s t  'g a p ' in  
th e  a u r o r a l o v a l may have been te m p o ra l r a t h e r  th a n  s p a t ia l  
and p o s s ib ly  r e la te d  t o  th e  lo w e r t h r e s h o ld  a u r o r a l  in t e n s i t y  
t h a t  c o u ld  have  been re c o rd e d  by an a l l - s k y  cam era in  I9 6 0 .
The second p e r io d  was n o t  an absence  o f  a u r o r a l  fo rm s .  R a th e r ,  
th e r e  was an absence o f  d is c r e t e  a u r o r a l  fo rm s  d u r in g  a s u b s to rm
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t h a t  began a t  a b o u t 0945 UT. D i f f u s e  a u r o r a !  fo rm s  c o ve re d  
th e  e n t i r e  f i e l d - o f - v i e w  o f  th e  B y rd  cam era  ( F ig u r e  ! 4 ) .  No 
d e f i n i t i v e  s ta te m e n ts  can be made a b o u t t h e  p re s e n c e  o f  d is c r e te  
a u ro ra s  f o r  th e  p e r io d  in  q u e s t io n .
The s lo w ,  tw o  s t a t i o n  's c a n 1 o f  th e  a u r o r a l  o v a l f o r  May 
30 , I960 s u p p o r ts  th e  c o n c e p t o f  a c o n t in u o u s  a u r o r a l  o v a l 
w it h o u t  any s p a t ia l  g a p s . T h e re  i s  no i n d ic a t io n  o f  a l a t i t u d e  
d i s c o n t i n u i t y  be tw een th e  day and n ig h t  s e c to r  a u ro ra s  as 
has been s u g g e s te d  by M is h in  e t  a I . (1 9 7 0 ) and r e p o r te d  by 
Lassen (1 9 7 2 ) fro m  v is u a l  a u r o r a l  o b s e r v a t io n s  in  G re e n la n d .
In  S e c t io n  4 . 2 ,  m id d a y  a u r o r a l  p a tc h e s  a re  d is c u s s e d  f o r  
n o r t h e r n ‘h e m is p h e re  o b s e r v a t io n s .  As m e n tio n e d  e a r l i e r ,  th e  
n o r th e rn  h e m is p h e re  l i g h t i n g  c o n d i t io n s  a re  n o t  th e  m ost f a v o r a b le  
f o r  m idday a u r o r a l  o b s e r v a t io n s .  The ’ d is c o v e r y 1 o f  m idday 
a u r o r a l  p a tc h e s  in  a u r o r a l  d a ta  fro m  th e  n o r th e r n  hem isp h e re  
prom p ted  an e x a m in a t io n  o f  B y rd  f i lm s  f o r  th e  same phenomena.
D i f f u s e  p a tc h y  m id d a y  a u ro ra s  o b s e rv e d  on  May 3 0 , I960  a re  
t y p ic a l  o f  o c c u r re n c e s  on o t h e r  d a y s . F ig u r e  15 shows re m a rk a b le  
exam p les o f  in te n s e  d i f f u s e  p a tc h y  a u ro ra s  fro m  1300 t o  1700 UT.
A f t e r  th e  l a t e r  t im e ,  t w i l i g h t  in t e r f e r e n c e  became to o  g r e a t  
f o r  good p h o to g ra p h ic  r e p r o d u c t io n ;  h o w e v e r, c in e  p r o je c t io n  
re v e a le d  t h a t  t h e  p a tc h e s  c o n t in u e d  th ro u g h  1800 UT (M 2 4 0  h o u rs  CGLT).
W ith  th e  e x c e p t io n  o f  an a p p ro x im a te  75 m in u te  p e r io d  
(^<1130 t o  1245 U T ), a u r o r a l  p a tc h e s  w e re  o b s e rv e d  c o n t in u o u s ly  
f ro m  0940 UT t o  m id d a y  t w i l i g h t  a t  1800 UT. T hese  d i f f u s e  
a u ro ra !  d is p la y s  a re  m o r p h o lo g ic a i ly  r e la t e d  t o  th e  s e r ie s
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o f  m a g n e to s p h e r ic  s u b s to rm s  t h a t  o c c u r re d  p r i o r  t o  1600 UT; 
th e  e x te n s io n  o f  th e  p a tc h y  a u ro ra s  fro m  th e  e a r ly  m o rn ing  
s e c to r ,  w here t h e i r  o c c u r re n c e  has been w e ll  docum ented ( c f .
A kaso fu  e t  a 1. ,  1966b) in to  t h e  day s e c to r  is  e s ta b l is h e d .
An e q u a to rw a rd  ' t h i n n i n g ’ o f  th e  a u r o r a l o v a l is  in d ic a te d  
p r i o r  t o  th e  m id n ig h t  s e c to r  s u b s to rm  (F ig u re s  1 3 ,1 4 ) .  T h is  
' t h i n n in g '  is  in  a g re e m e n t w i t h  th e  r e s u l t s  fo u n d  f o r  th e  s u b s to rm s  
s tu d ie d  w ith  th e  A la s k a n  m e r id ia n  d a ta .  E q u a to rw a rd  ' t h i n n in g '  
o f  th e  a u ro ra l o v a l p r i o r  t o  su b s e q u e n t s u b s to rm s  is  n o t c le a r ly  
in d ic a te a  —  p o s s ib ly  because o f  th e  in c re a s e d  d is tu rb a n c e  
le v e l and th e  lo c a t io n  o f  th e  s t a t io n s  in  th e  m o rn in g  s e c to r .
'  Data fro m  b o th  B yrd  and S ou th  P o le  in d ic a t e  th e  e q u a to rw a rd  
m o tio n  and th e  su b se q u e n t r e t r e a t  p o le w a rd  o f  th e  d a y -s e c to r  
a u ro ra s  a s s o c ia te d  w ith  th e  d e v e lo p m e n t and re c o v e ry  o f  th e  
la r g e s t  p o la r  m a g n e tic  s u b s to rm  ( ^ | 330 t o  1500 UT) (F ig u re s  
13, 1 5 ). N o t ic e  a ls o  f o r  t h i s  same t im e  p e r io d ,  th e  o c c u rre n c e  
o f  a u ro ra l p a lc h e s  e q u a to rw a rd  o f  t h e  d is c r e t e  a u ro ra s  (F ig u re s  
13, 1 5 ).
F o llo w in g  th e  s u b s to rm  re c o v e ry  m o tio n  o f  t h e  d a y -s e c to r  
a u ro ra s  and d u r in g  a p e r io d  o f  r e l a t i v e l y  c o n s ta n t  AE in d e x , 
numerous a u ro ra l fo rm s  w ere  o b s e rv e d  t o  a p p e a r e q u a to rw a rd  o f  
th e  S outh  P o le  z e n i t h ,  d r i f t  p o le w a rd  th ro u g h  th e  z e n i th ,  and 
s u b s e q u e n tly  d is a p p e a r  w h i le  c o n t in u in g  p o le w a rd . S h o r t ly  a f t e r  
2100 UT (1 8 0 0 -1 9 0 0  h o u rs  CGLT) th e  d o m in a n t m e r id io n a l a u ro ra l 
m o tio n s  became e q u a to rw a rd .
2 .5 .4  D a y -S e c to r M e r id io n a l A u ro ra l M o tio n s
I t  i s  n o t c le a r  e x a c t ly  w h a t th e  m o tio n s  o f  a u ro ra s  in d ic a t e .
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Two p la u s ib le  p o s s i b i l i t i e s  a r e :  m a g n e to s p h e r ic  c o n v e c t io n
p a t te r n s  (D a v is ,  1971) o r  m o tio n  o f  p r im a ry  a u ro ra l e le c t r o n  
s o u rc e s  th ro u g h  th e  m a g n e to s p h e re . I f  th e  f i r s t  p o s s i b i l i t y  
i s  c o r r e c t ,  t h e  dom inance o f  p o le w a rd  a u r o r a l m o tio n s  o b se rve d  
between 1700 and 2100 UT on May 30 , I960  may in d ic a te  th e  s te a d y  
s ta te  c o n v e c t io n  p a t te r n  s im i l a r  t o  t h a t  su g g e s te d  by Dungey
(1 9 6 1 ) .  A s u rv e y  o f  S ou th  P o le  a l l - s k y  camera f i lm s  re v e a le d  
t h a t  th e  o c c u rre n c e  o f  p o le w a rd  d r i f t i n g  a u ro ra l fo rm s v a r ie s  
fro m  day t o  d a y . F o r t h i s  re a s o n  no a b s o lu te  s ta te m e n t can 
be made as to  w h e th e r t h e  p a t te r n  o f  May 30 , I960  is  r e p r e s e n ta t iv e  
o f  th e  g e n e ra l m e r id io n a l m o t io n s  o f  d a y - s e c to r  a u ro ra s .
N in e  e ig h t - h o u r  p e r io d s  (1 2 0 0 -2 0 0 0  UT) d u r in g  days in  
1962 w ere s e le c te d  f o r  a d d i t io n a l  s tu d y  (May 31 , June I ,  7 ,
2 8 , 29 and 30, and J u ly  I ,  5 ,  and 6 , 1 9 5 2 ). F ig u re  21 p re s e n ts  
th e  m e r id io n a l d i s t r i b u t i o n s  o f  th e  day s e c to r  d is c r e te  a u ro ra s  
t h a t  were o b s e rv e d  d u r in g  th e  n in e  a d d i t io n a l  p e r io d s .  O f th e  
t o t a l  o f  te n  days s tu d ie d ,  t h e r e  w ere f o u r  e x tended  p e r io d s  
in  w h ich  t h e  d a y - s e c to r  ’ m ig r a t in g '  p o le v /a rd  a u ro ra l m o tio n s  
w ere  o b se rve d  (May 3 0 , I9 6 0 , 1800-2000 UT; May 31 , 1962, 1430­
1530 UT; J u ly  I ,  1962, I 145-1400 UT and J u ly  6 , 1962, 1145­
1415 U T). From t h i s  l im i t e d  in v e s t ig a t io n  i t  a p pears  t h a t  th e  
f r e q u e n t  s u c c e s s iv e  b i r t h ,  p o le w a rd  m ig r a t io n ,  and d is a p p e a ra n c e  
o f  th e  d a y -s e c to r  a u ro ra s  a re  n o t  uncommon phenomena, b u t  n o t 
n e c e s s a r i ly  r e p r e s e n ta t iv e  o f  a l l  d a y -s e c to r  a u ro ra s .
A s t a t i s t i c a l  a p p ro a ch  was u n d e r ta k e n  t o  g a in  f u r t h e r  
i n s ig h t  in t o  th e  d a ta  s a m p le . The number o f  a u ro ra l' fo rm s  was
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d e te rm in e d  t h a t  passed th ro u g h  o r  t h a t  d is a p p e a re d  in  th e  S outh 
P o ie  z e n i th  as th e  fo rm s  d r i f t e d  p o le w a rd  o r  e q u a to rw a rd . The 
r e s u l t in g  d i s t r i b u t i o n  f o r  th e  te n  e ig h t - h o u r  p e r io d s  is :
P o iew ard  m o tio n  c ro s s in g s  o f  th e  S outh P o le  z e n i t h :  44
E q u a to rw a rd  m o tio n  c ro s s in g s  o f  th e  S outh  P o le  z e n i th :  17 
I f  one makes th e  a p r i o r i  a s s u m p tio n  t h a t  d a y -s e c to r  a u ro ra l 
m o tio n s  th ro u g h  th e  S outh  P o le  z e n i th  a re  e q u a l ly  p ro b a b le  
in  e i t h e r  d i r e c t i o n ,  t h e  p r o b a b i l i t y  o f  a c h ie v in g  th e  o b se rve d  
d i s t r i b u t i o n  is  le s s  th a n  one p e r c e n t .
A n o th e r  a p p ro a ch  used was t o  d e te rm in e  th e  number o f  a u r o r a l 
fo rm s t h a t  d is a p p e a re d  p o le w a rd  o r  e q u a to rw a rd  o f  t h e i r  p o s i t io n  
o f  f i r s t  o b s e r v a t io n .  T h is  q u e s t io n  rem oves b ia s  t h a t  may 
have been in tro d u c e d  in  th e  f i r s t  d i s t r i b u t i o n  as a r e s u l t  
o f  th e  p o s i t io n  o f  th e  s t a t io n  r e l a t i v e  t o  th o s e  a u ro ra l fo rm s  
t h a t  passed th ro u g h  th e  s t a t io n  l a t i t u d e .  The r e s u l t s  f o r  
th e  second d i s t r i b u t i o n  a r e :
P o lew ard  d is a p p e a ra n c e s : 103
E q u a to rw a rd  d is a p p e a ra n c e s : 50
A ga in  i f  b o th  d is a p p e a ra n c e s  a re  e q u a l ly  p ro b a b le ,  th e  p r o b a b i l i t y  
o f  a c h ie v in g  a t  le a s t  103 p o le w a rd  d is a p p e a ra n c e s  o u t  o f  153 is  
much le s s  th a n  one p e rc e n t .  '
T h is  l im i t e d  s tu d y  d e m o n s tra te s  t h a t  p o le w a rd  a u ro ra l . 
m o tio n s  a re  m ore l i k e l y  th a n  e q u a to rw a rd  m o tio n s  w i t h in  th e  
d a y -s e c to r  a u r o r a l o v a l .  T h is  is  in  o b v io u s  c o n t r a s t  t o  th e  
n ig h t - s e c to r  w here e q u a to rw a rd  m o tio n s  a re  m ore f r e q u e n t  th a n  
po le w a rd  m o tio n s  (D a v is  and K irn b a l l ,  I9 6 0 ) .
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Alaskan Sector Observatorles (1969-1970)
Geographic C orrected Geomagnetic Instrum ents Operated
S ta tio n  ' La t, Long. L a t. Long ■ A lI-S k y  Camera Magnetometer Riometer
Mou1d Bay ■ 76.2°,N 1 I9.4°W 80.9°N 96.0°W X X
Sachs Harbour 72.0 125.3 76.3 89.2 X X X
In u v lk 68.6 133.0 71.1 91.2 X X X
B a r -1 69.2 143.7 ■ 69.9 100.3 X X
Barrow 71.3 156.8 69.7 113.0 X
F o rt Yukon 66.9 145.3 67.1 99.3 X X . X
Co 11ege 64.9 147.8 64.9 99.7 X X X
Anchorage 61.2 149.9 60.8 98.7 X X
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A th o ro u g h  i n v e s t ig a t io n  o f  io n o s p h e r ic  d is tu rb a n c e s  depends 
upon a d e t a i le d  kn o w ledge  o f  th e  c h a r a c t e r ! s t ie s  o f  th e  q u ie t  
io n o s p h e re .  P r io r  in v e s t ig a t io n s  o f  th e  q u ie t  io n o s p h e re  have 
g e n e r a l ly  been r e s t r i c t e d  t o  m e so sca le  fe a tu r e s ,  o r  th e  r e s u l t s  
have been g e n e ra l iz e d  fro m  th e  c o l l a t i o n  o f  d a ta  g r e a t ly  sm oothed 
in  t im e  and s p a c e . In  t h i s  c h a p te r ,  io n o s p h e r ic  d a ta ,  o b ta in e d  
fro m  a ir b o r n e  s u rv e y s  and fro m  g ro u n d  based io n o so n d e s , a re  
c o m b in e d , w i th  l im i t e d  s m o o th in g , t o  deduce th e  m a c ro s c a le  
p a t te r n s  o f  th e  m a g n e to q u ie t h ig h  l a t i t u d e  io n o s p h e r ic  E - re g io n  
and th e  F 2 - !a y e r .  The r e s u l t s  a re  p re s e n te d  and d is c u s s e d  in  
s e c t io n s  3 . 2 . i .2  and 3 .3 .
3 .1  INTRODUCTION
R e ce n t s tu d ie s  ( e . g .  Buchau e t  a I ,  1972 and W halen e t  a 1 . ,
1971) have e s ta b l is h e d  th e  im p o r ta n c e  o f  c o n s id e r in g  h ig h  la t i t u d e  
io n o s p h e r ic  phenomena in  th e  c o n te x t  o f  th e  a u ro ra l o v a l .  The 
p o s i t io n  o f  an o b s e rv in g  s t a t io n  r e l a t i v e  t o  th e  in s ta n ta n e o u s  
a u r o r a l o v a l is  a s i g n i f i c a n t  p a ra m e te r f o r  u n d e rs ta n d in g  h ig h  
l a t i t u d e  io n o s p h e r ic  d a ta .
Many o f  th e  p ro b le m s  t h a t  p re v io u s  w o rk e rs  have  e n c o u n te re d  
in  o r d e r in g  g round a c q u ire d  h ig h  l a t i t u d e  io n o s p h e r ic  d a ta  
have a r is e n  because o f  t h i s  f a c t .  Due t o  th e  e c c e n t r i c i t y  
o f  th e  q u ro ra l ova I and th e  s h i f t  o f  th e  ’ a u ro ra l p o le ' to w a rd  
th e  n ig h t  s e c to r ,  th e  d a ta  fro m  a s in g le  s t a t io n  a re  o f t e n  r e p r e s e n ta t iv e  
o f  s e v e ra l d a ta  t y p e s .  On th e  a v e ra g e , a s t a t io n  be tw een 65 ° and 72 ° CGL
85 '
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’ s c a n s ' th e  s u b a u ro ra l io n o s p h e re  d u r in g  th e  d a y , b u t a t  n ig h t  
th e  same s t a t io n  r o ta te s  b e n ea th  th e  a u r o r a l o v a l ;  a s t a t io n  
between 75° and 80° CGL is  benea th  th e  a u ro ra l o v a l d u r in g  th e  
day and becomes a p o la r  cap s t a t io n  a t  n ig h t ;  a s t a t io n  between 
72° and 75° CGL is  p o s it io n e d  t o  o b s e rv e  a t  d i f f e r e n t  lo c a l 
tim e s  a l l  t h r e e  h ig h  l a t i t u d e  io n o s p h e r ic  zo n e s : s u b a u ro ra l
(m ain t r o u g h ) ,  a u ro ra l o v a l and p o la r  ca p .
T h is  s im p le  s p a t ia l  p a t te r n  is  s u b je c t  t o  te m p o ra l v a r ia t io n s .  
T h is  means t h a t  a s t a t i o n ’ s t r a n s i t i o n  t im e s  fro m  one zone 
to  a n o th e r a re  n o t f ix e d  b u t v a ry  in  a s s o c ia t io n  w i th  th e  geom agne tic  
d is tu rb a n c e  l e v e l . D u r in g  d is tu r b e d  c o n d i t io n s ,  a s t a t io n  
n o rm a lly  b e n e a th  th e  a u ro ra l o v a l may become a p o la r  cap s t a t io n .  
D u r in g  m agns toqu ’ n t  th e  same s t a t io n  may o b s e rv e  th e  s u b a u ro ra l 
io n o s p h e re . These te m p o ra l c o n s id e r a t io n s  c o u p le d  w ith  th e  
p r i o r  absence o f  a known io n o s p h e r ic  s y n o p t ic  p a t te r n  have 
r e s u lte d  in  a s e e m in g ly  in c o n s is te n t  body o f  io n o s p h e r ic  da ta  
t h a t  has been d i f f i c u l t  t o  u n d e rs ta n d . B e fo re  c o n s id e r in g  
th e  te m p o ra l v a r ia t io n s  o f  th e  h ig h  la t i t u d e  io n o s p h e re , i t  
is  im p o r ta n t t o  e s ta b l is h  th e  p r e v a i l in g  io n o s p h e r ic  c o n d i t io n s  
d u r in g  e x tre m e ly  q u ie t  p e r io d s .  D is tu rb a n c e s  may be c o n s id e re d  
o r  d e fin e d  t o  be d e v ia t io n s  fro m  th e  m a g n e to q u ie t c h a r a c t e r i s t i c s .
The da ta  a re  n o t a v a i la b le  t o  d e te rm in e  th e  in s ta n ta n e o u s  h ig h  
l a t i t u d e  io n o s p h e r ic  p a t te r n s .  Two i n d i r e c t  a p p ro a c h e s  have 
been used to  e s ta b l is h  th e  m a g n e to q u ie t c h a r a c t e r i s t i c s .  The 
f i r s t  used th e  io n o s p h e r ic  d a ta  o b ta in e d  fro m  a ir b o r n e  s u rv e y s  
o f  th e  h ig h  l a t i t u d e  io n o s p h e re  c o n d u c te d  by t h e  A i r  F o rce
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Cam bridge R esearch  L a b o r a to r ie s .  The second  a p p ro a ch  used d a ta  
fro m  th e  A la s k a n  ground io n o so n d e  s t a t io n s  t o  s tu d y  th e  m a g n e to q u ie t 
F 2 - la y e r  betw een 60° and 70°N CGL.
3.2  AIRBORNE SURVEYS
The j e t  a i r c r a f t  b o rn e  io n o s p h e r ic  o b s e r v a to r y  has s e v e ra l 
adva n ta g e s  f o r  d e ta i le d  s tu d ie s  o f  t h e  h ig h  la t i t u d e  io n o s p h e re .
When compared t o  th e  s a t e l l i t e ,  th e  a i r c r a f t  can be f lo w n  in  
a v a r ie t y  o f  f l i g h t  t r a c k  modes t h a t  a re  im p o s s ib le  f o r  a s a t e l l i t e .  
F l i g h t  p a th s  may be chosen t h a t  p e r m it  a l a t i t u d e  scan w h i le  
m a in ta in in g  o r  a c c e le r a t in g  lo c a l t im e .  A m e r id ia n  f l i g h t  
[33 t h  may be f io w n  so  t h a t  th e  a i r c r a f t  d r i f t s  in  lo c a l t im e  
w i th  th e  m e r id ia n .  The a i r c r a f t  b o rn e  io n o so n d e  can o b s e rv e  
th e  low er io n o s p h e re  up to  th e  h e ig h t  o f  t h e  p eak  e le c t r o n  
d e n s i t y .  The a irb o r n e  o b s e rv a to ry  can a ls o  p ro b e  th e  io n o s p h e re  
above rem ote  a re a s  t h a t  a re  n o t s u i t a b le  f o r  g ro u n d  o b s e r v a t io n s .
F iv e  a ir b o r n e  s u rv e y s  have  been made d u r in g  m a g n e to q u ie t 
and hou rs o f  d a rk n e s s . T a b le  2 i s  a t a b u la t io n  o f  t h e  d a te s ,  
f l i g h t  t im e s  and th e  c o r re s p o n d in g  in d ic e s .  F ig u re s  22 -2 4  
p re s e n t th e  a u ro ra l zone H ( o r  X) com ponent m agnetogram s f o r  
t h r e e  o f  th e  f i v e  f l i g h t s  f o r  w h ich  th e  io n o s p h e r ic  E and F - re g io n  
d a ta  were in v e s t ig a te d .  N o te  t h a t  t h e  m o s t s i g n i f i c a n t  a u ro ra l 
zone m a g n e tic  p e r tu r b a t io n s  w ere  g e n e r a l ly  le s s  th a n  50 gammas, 
o f  s h o r t  d u r a t io n  and c o n f in e d  t o  n a rro w  lo c a l t im e  s e c to r s .
F ig u re  25a shows th e  f l i g h t  t r a c k s  in  c o r r e c te d  g e o m a g n e tic  
l a t i t u d e  and lo c a l t im e  c o o r d in a te s .  N o te  t h a t  th e  n ig h t  s e c to r  
was f a i r l y  w e ll  c o ve re d  e q u a to rw a rd  o f  80°N CGL w hereas o n ly
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a s in g le  f l i g h t  o c c u r re d  in  th e  noon and th e  e a r ly  a f te rn o o n  
s e c to r s .  T he re  have been no m a g n e to q u ie t a i r b o r n e  s u rv e y s  in t o  
th e  la t e  m o rn ing  s e c to r .
The a n a ly s is  o f  th e  a ir b o r n e  s u rv e y  d a ta  was s u b d iv id e d  
in t o  d a ta  f o r  th e  E r e g io n  h e ig h ts  (n-95 -  150 k i lo m e te r s )  and 
th e  F2 la y e r .  The r e s u l t s  o f  th e s e  a n a ly s e s  a re  shown in  
F ig u re s  25b and 2 6 . The f i r s t  th r e e  f l i g h t s  o c c u r re d  in  th e  
A la s k a n  lo n g itu d e  s e c t o r .  Because o f  th e  F 2 - la y e r  v a r ia t io n s  
w i th  lo n g itu d e ,  d is c u s s e d  in  a f o l lo w in g  s e c t io n ,  d a ta  fro m
o n ly  th e  f i r s t  t h r e e  f l i g h t s  w ere  used in  t h e  F 2 - la y e r  a n a ly s is .
3 .2 .1  H igh  l a t i t u d e  Io n o s p h e r ic  E -R eg ion
3 . 2 . 1.1 lonogram  I n t e r p r e t a t io n
lonogram s have p ro v id e d  th e  d a ta  base f o r  t h e  s tu d y  o f  
th e  h ig h  la t i t u d e  E - r e g io n .  A b r i e f  re v ie w  f o l lo w s  t h a t  g iv e s  
th e  ionogram  c h a r a c t e r ! s t ie s  t h a t  w ere  used t o  d e te rm in e  th e  
p re s e n c e  o f  th e  f o l lo w in g  phenomena: a u r o r a l  E - la y e r ,  r e ta rd e d
ty p e  s p o ra d ic  E ( E s - r )  and n o n - re ta rd e d  ty p e s  o f  s p o r a d ic  E (E s ) .
H anson, Hagg and Fow le (1 9 5 3 ) (se e  a ls o  K in g ,  1962) d e s c r ib e d  
th e  a u ro ra l E - la y e r  ( n ig h t  E) ionog ram  echoes  by f i v e  c h a r a c t e r i s t i c s :
1. T he re  is  a d e f i n i t e  cusp  on b o th  t h e  E and th e  F 2 - la y e r
t r a c e s  d e f in in g  th e  c r i t i c a l  f re q u e n c y .
2 .  T he re  is  c o m p le te  b la n k e t in g  o f  th e  F 2 - ia y e r  up to  
th e  c r i t i c a l  fre q u e n c y  and c o m p le te  p e n e t r a t io n  o f  th e  o r d in a r y  
wave beyond i t  u n le s s  s p o ra d ic  E is  p r e s e n t .  *
3 . The e x t r a o r d in a r y  t r a c e  a p p e a rs  f r e q u e n t l y  and th e  
Z t r a c e  is  a ls o  commonly seen .
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4 . T h e re  i s  g e n e r a ! iy  m ore s p re a d  n e a r  t h e  c r i t i c a l  fre q u e n c y  
th a n  i s  th e  case  w i th  t h e  no rm a l E - la y e r .
5 . The c r i t i c a l  fre q u e n c y  o f t e n  v a r ie s  r a p id l y ;  changes  
o f  1 .0  MHz o r  more in  a few  m in u te s  s o m e tim e s  o c c u r .  V a lu e s  
o f  foE  may be anyw here fro m  I .0  t o  4 .5  M H z -o r m ore .
Bey.io ;. -ar.J Brown (1 9 5 7 ) d e f in e  r e ta r d e d  t y p e  s p o r a d ic  E 
as n o n -b la n k e t in g  s p o r a d ic  E w i t h  g ro u p  r e t a r d a t io n  a t  th e  
h ig h  fre q u e n c y  end b u t no g ro u p  r e t a r d a t io n  on  th e  F2 t r a c e  
a t  th e  c o r re s p o n d in g  f r e q u e n c y .
The d e f i n i t i o n s  and th e  p h o to g r a p h ic  e x a m p le s  p re s e n te d  
by th e  re fe re n c e d  a u th o rs  as w e l l  as th o s e  show n in  F ig u re  
27 le a d  t o  t h e  b e l i e f  t h a t  a u r o r a l  E and r e ta r d e d  t y p e  s p o r a d ic  
E a re  m u tu a l ly  e x c lu s iv e  phenom ena. H ow eve r, t h e  re co m m e n d a tio n  
o f  th e  URSI/STP S e m in a r on th e  I n t e r p r e t a t i o n  o f  H ig h  L a t i t u d e  
Io n o g ra m s , h e ld  in  L e n in g ra d  in  May 1970, p ro p o s e d  t h a t  a u r o r a l 
E and re ta r d e d  ty p e  s p o r a d ic  E be c l a s s i f i e d  t o g e t h e r .  The 
r e s o lu t io n  o f  t h i s  d ic h o to m y  o f  v ie w s  c o u ld  be p o s s ib le  th ro u g h  
th e  s tu d y  o f  ionog ram  s e q u e n ce s  o b ta in e d  fro m  low  in t e r f e r e n c e  
h ig h  q u a l i t y  d a ta  down t o  a p p r o x im a te ly  o n e - h a l f  m e g a h e r tz .
Such h ig h  q u a l i t y  d a ta  w o u ld  s i m p l i f y  th e  io n o g ra m  s c a l in g  
in  th e  in h e r e n t ly  co m p le x  tw o  m e g a h e rtz  f r e q u e n c y  band c e n te re d  
on th e  g y ro fre q u e n c y  ( c f .  R a t c l i f f e ,  1 9 6 2 ).
The a ir b o r n e  a c q u ire d  io n o s p h e r ic  d a ta  a r e  n o t good f o r  
such  a s tu d y .  The low f re q u e n c y  I im i t  o f  t h e  a i r c r a f t  io n o s o n d e  
is  tw o  m e g a h e r tz . Due t o  t h i s  low fre q u e n c y  c u t o f f ,  i t  i s  
p o s s ib le  t h a t  a re ta rd e d  E re g io n  e c h o , o b s e rv e d  on th e  iono g ra m s
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w i th o u t  a c o r re s p o n d in g  F - la y e r  c u s p , i s  th e  e x t r a o r d in a r y  
com ponent o f  th e  a u ro ra !  E la y e r  w i t h  a c r i t i c a l  fre q u e n c y  
be lo w  tw o  m e g a h e rtz . The d i f f i c u l t i e s  in  o b s e rv in g  th e  ra p id  
te m p o ra l v a r ia t io n s  o f  th e  a u ro ra l E - la y e r  (Hanson e t  a I . ,  1953) 
a re  compounded by th e  nom ina l 14 k i  Io m e te r 'p e r  m in u te  speed, 
o f  th e  a i r c r a f T ;  s p a t ia l  v a r ia t io n s  a re  th u s  in te g r a te d * w i th  ’ '
th e  te m p o ra l v a r ia t io n s .  I t  i s  f e l t  t h a t  a m e a n in g fu l d i s t i n c t i o n  
ca n n o t be r e l i a b l y  made be tw een a u r o r a l  E and re ta rd e d  ty p e  
s p o r a d ic  E f o r  th e  d a ta  a c q u ire d  fro m  th e  a i r b o r n e  io n o s o n d e .
F o r t h i s  reason o n ly ,  a l l  r e ta rd e d  E - r e g io n  echoes  re c o rd e d  
by th e  a ir b o r n e  io n o so n d e  have been c o n s id e re d  as a s in g le  
phenomenon.
Beynon and Brown (1957 ) d e f in e  and i l l u s t r a t e  s i x  ty p e s  
o f  n o n - re ta rd e d  s p o ra d ic  E t h 3 t  may be o b s e rv e d  on h ig h  la t i t u d e  
io n o g ra m s . These ty p e s  a re  lo w , c u s p , h ig h ,  f l a t ,  s la n t  and 
a u r o r a l .  A s e v e n th  ty p e  o f  n o n - re ta rd e d  t y p e  s p o r a d ic  E is  
E s-d  (O le so n  and W r ig h t ,  19 6 1 ). The o c c u r re n c e  o f  E s-d  i s  
n o rm a lly  ig n o re d  in  r o u t in e  io n o g ra m  sea I in g .  A t y p ic a l  exam ple  
o f  non re ta rd e d  Es is  shown in  F ig u re  2 6 . No a t te m p ts  w e re  
made t o  in v e s t ig a te  th e  s p a c e - t im e  d i s t r i b u t i o n  o f  t h e  v a r io u s  
ty p e s  o f  s p o ra d ic  E. F ig u re  25b shows th e  o c c u r re n c e  o f  non­
re ta rd e d  s p o ra d ic  E re g a rd le s s  o f  t y p e .  The o n ly  Es d a ta  re q u ire m e n ts  
f o r  in c lu s io n  in  F ig u re  25b w ere  t h a t  th e  v i r t u a l  h e ig h ts  be 
be tw een 95 and 150 k i lo m e te r s  and t h a t  t h e  echoes be c o n t in u o u s  
o v e r  a fre q u e n c y  range  o f  a b o u t one m e g a h e r tz . These re q u ire m e n ts  
have  f i l t e r e d  o u t th e  m ost o b l iq u e  o c c u r re n c e s  o f  s p o ra d ic  E
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and have a ls o  s e rv e d  to  r e je c t  weak fra g m e n te d  e ch o e s , g round 
r e f le c t io n s  and p o s s ib le  o c c u rre n c e s  o f  E s -d .
3 . 2 . I . 2 R e s u lts
F ig u re  25b shows th e  lo c a t io n  o f  th e  d is c r e t e  a u ro ra s ,  
th e  lo c a t io n  a lo n g  th e  f l i g h t  t r a c k  o f  t h e  n o n - re ta rd e d  ty p e s  
o f  s p o ra d ic  E, in d ic a te d  by d o tte d  l i n e s ,  and th e  lo c a t io n  
o f  a u ro ra l E a n d /o r  re ta rd e d  s p o ra d ic  E, in d ic a te d  by heavy 
s o l id  I in e s .
W ha len .e t  a l . ,  (197 1 ) have  shown t h a t  th e  a u r o r a l E la y e r
is  caused by p a r t i c l e  p r e c ip i t a t i o n .  The b a ckg ro u n d  in t e n s i t y
o f  th e  a u ro ra l e m is s io n  o f  r^"*" (4278A ) i s  p r o p o r t io n a l  t o  th e
a m b ie n t io n  ( e le c t r o n )  p r o d u c t io n  r a te  (W ha len  e t  a I . ,  1971);
th e y  have q u a n t i f ie d  th e  r e la t io n s h ip  be tw een  th e  b a ckg round
in t e n s i t y  o f  th e  N ‘ e m is s io n  ( I  . ) and  th e  c r i t i c a l  f re q u e n c y  
2 mi n
o f  th e  a u ro ra l E la y e r  ( f o E ) :
I . (N 0+ ) = 0 .5 5 ( fo E ) 4 
mi n 2
l m- n i s  g iv e n  in  R a y le ig h s  and fo E  in  m e g a h e r tz .
The d e te rm in a t io n  t h a t  such a r e la t io n s h ip  is  v a l id  f o r
th e  a u ro ra l E - la y e r  means t h a t  t h i s  la y e r  i s  in  e q u i l ib r iu m ,
i . e .  th e  e le c t r o n  p r o d u c t io n  r a te  e q u a ls  th e  lo s s  r a te  w h ich
2
• f o r  th e  E re g io n  is  p r o p o r t io n a l  t o  Ng w h ic h  in  t u r n  i s  p r o p o r t io n a l  
t o  ( f o E ) 4 .
F ig u re  25b shows f o r  m a g n e to q u ie t t h a t  th e  a u ro ra l E - la y e r  
and re ta rd e d  ty p e  s p o ra d ic  E o c c u r ,  w i t h  o n e  e x c e p t io n ,  e q u a to rw a rd  
o f  th e  la t i t u d e  o f  th e  d is c r e t e  a u ro ra s ;  th e  p o la r  cap i s  a lm o s t 
a c o m p le te  v o id  f o r  th e  o c c u rre n c e  o f  t h i c k  E - !a y e rs  re q u ire d  to
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p ro d u c e  re ta rd e d  ty p e  E - re g io n  io n o g ra m  e ch o e s . W halen e t  a I . (1971 ) 
c o n c lu d e  t h a t  th e  a u ro ra i E - la y e r  is  p ro d u ce d  by e le c t r o n  p r e c ip i t a t i o n  
w i th  e n e rg ie s  o f  s e v e ra l keV. F ra n k  and A c k e rs o n  (1 9 7 1 ) show 
t h a t  th e  p o la r  cap is  a v o id  f o r  th e  p r e c ip i t a t i o n  o f  e le c t r o n s  
w i th  such e n e rg ie s ;  th e y  f u r t h e r  show t h a t  th e  p o le w a rd  b o u nda ry  
o f  th e  a u ro ra i p r s c ip i t a t i o n  zone is  n o rm a lly  w e l l  d e f in e d .
I t  w ou ld  th e n  be s u r p r is in g  t o  f in d  a p a r t i c l e  p r e c ip i t a t i o n  
p ro d u ce d  E-1 a v e r  w i t h in  th e  p o la r  c a p .
The e x c e p t io n  o c c u rre d  on December I ,  1970 n e a r  lo c a l 
m a g n e tic  m id n ig h t and 80°N CGL. T h is  o c c u r re n c e  w a s 'a 'c le a r  
case  o f  re ta rd e d  ty p e  s p o ra d ic  E. N o te  th e  la c k  o f  a c o r re s p o n d in g  
r e t a r d a t io n  in  th e  F - la y e r  t r a c e  even th o u g h  b o th  t h e  o r d in a r y  
and th e . e x t r a o r d in a r y  m agneto io n ic  com ponents  o f  th e  E - re g io n  
echoes a re  c le a r l y  re c o rd e d  on th e  io n o g ra m  (D ecem ber I ,  1970,
I 133 UT, F ig u re  2 7 ) .  .
A re v ie w  o f  E - re g io n  d a ta  re c o rd e d  d u r in g  o th e r  f l i g h t s  
in t o  th e  p o la r  cap re v e a ls  t h a t  t h i s  a re a , w i t h  m in o r  e x c e p t io n s  
such as d e s c r ib e d , is  a v o id  f o r  th e  o c c u r re n c e  o f  a u ro ra l 
E and E s - r .  I t  is  no ted  t h a t  th e  g e o m a g n e tic  f i e l d  was m o d e ra te ly  
d is tu r b e d  d u r in g  th e  o th e r  f l i g h t s  i n t o  th e  p o la r  c a p . The 
c o n c lu s io n  may be g e n e ra l iz e d  t o  s t a t e  t h a t  t h e  p o la r  cap  i s  
a v o id  f o r  p a r t i c l e  p r e c ip i t a t i o n  p ro d u ce d  E - la y e r s .
N o te  a ls o  in  F ig u re  25b t h a t  th e  low la t i t u d e  bou n d a ry  
f o r  th e  m a g n e to q u ie t o c c u r re n c e  o f  a u r o r a l E and E s - r  i s  be tw een 
6 8 °  and 7 0 °  CGL f o r  a l l  th e  lo c a l h o u rs  in v e s t ig a t e d .  I t  a ls o  
a p p e a rs  t h a t  th e s e  E -re g io n  phenomena o c c u r  in  a c ir c u m p o la r
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band o f  f i v e  to  e ig h t  d e g rees  in  l a t i t u d i n a l  w id th  t h a t  i s  
p o s i t io n e d  s l i g h t l y  e q u a to rw a rd  o f  th e  in s ta n ta n e o u s  p o s i t io n  
o f  th e  d is c r e t e  a u ro ra s .
Wagner and P ike  ( I 9 7 i )  nave  fo u n d  good a g re e m e n t be tw een 
a u r o r a l  t y p e  s p o ra d ic  E p a ra m e te rs  and th e  o c c u r re n c e  o f  v is u a l  
a u ro ra s .  P i t t e n g e r  and Gassmann (1 9 7 1 ) in  a s u r v e y  and re o r d e r in g  
o f  p a s t in v e s t ig a t io n s  o f  s p o ra d ic  E c o n c lu d e d  t h a t  t h e r e  e x i s t  
o c c u r re n c e  p a t te r n s  o f  Es t h a t  a re  r e la te d  to  t h e  o c c u r re n c e  
p a t te r n s  f o r  v is u a l  a u ro ra s .  They f u r t h e r  c o n c lu d e  t h a t  th e  
o c c u rre n c e  o f  Es in  th e  p o la r  cap a p p e a rs  t o  be  m ore ’ s p o r a d ic ’ 
in  th e  t im e  and th e  lo c a t io n  o f  o c c u rre n c e  and n e g a t iv e ly  c o r r e la te d  
w ith  In c re a s in g  ge o m a g n e tic  a c t i v i t y .
The o c c u rre n c e  o f  n o n - re ta rd e d  s p o ra d ic  E show n in  F ig u re  25b 
g e n e r a l ly  fo l lo w s  th e  c h a r a c t e r i s t ie s  p r e v io u s ly  d e te rm in e d .
N o te  th e  e q u a tc rw a rd -m o s t o c c u rre n c e  o f  E s . One ca n  v i s u a l i z e  
a b o u n d in g  c i r c l e  o r  o va i t h a t  is  d is p la c e d  to w a rd  th e  n ig h t  
s e c to r .  T h is  s p a t ia l  c h a r a c t e r i s t i c  is  s u g g e s t iv e  o f  th e  a u ro ra !  
o v a l e q u a to rw a rd  boundary c o n f ig u r a t io n .  M in o r  e x c e p t io n s  
t o  t h i s  g e n e r a l iz a t io n  w ere  o b se rve d  in  t h e  m id n ig h t  s e c to r .
Because o f  th e  s h o r t ,  s e v e ra l m in u te ,  te m p o ra l sp a n  d u r in g  
w h ic h  th e  e x c e p t io n s  w ere o b s e rv e d , i t  i s  c o n c lu d e d  t h a t  th e  
m a g n e to q u ie t o c c u rre n c e s  o f  Es be tw een 58° and 6 2 °  CGL re p re s e n t  
s h o r t - l i v e d  te m p o ra l o c c u rre n c e s  and a re  n o t p a r t  o f  a la rg e  
s c a le  s p a t ia l  p a t te r n .
From t h i s  l im i t e d  d a ta  s a m p le , t h e r e  a p p e a rs  t o  be no 
c o n s is te n t  p o la r  cap p a t te r n  f o r  th e  s p a t ia l  a n d  t h e  te m p o ra l
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o c c u r re n c e  o f  Es. D u r in g  th e  November 3 0 , 1970 f l i g h t  t o  a p p ro x im a te ly  
90°N  CGL, o n ly  in f r e q u e n t  and s h o r t - ! i v e d  o c c u r re n c e s  o f  Es 
//e re  o b s e rv e d  (F ig u re  2 5 b ) .  H ow eve r, o n e  day i a t e r  Es was o b s e rv e d  
w e l l  p o le w a rd  o f  th e  d is c r e t e  a u ro ra s  d u r in g  th e  m id n ig h t  s e c t o r  
p o ia r  cap  p e n e t r a t io n .  The b la n k e t in g  f r e q u e n c ie s  o f  th e  p o la r  
cap  Es w ere  a lm o s t a lw a y s  b e lo w  th e  io n o s o n d e 's  tw o  m e g a h e rtz  
low f re q u e n c y  c u t o f f .  These low v a lu e s  o f  th e  b la n k e t in g  f r e q u e n c ie s  
a re  in  ag re e m e n t w i t h  t h e  re v ie w  w o rk  o f  P i t t e n g e r  and Gassmann 
(1 9 7 1 ) .  .
As m e n tio n e d  e a r l i e r ,  th e  p o la r  c a p  a p p e a rs  t o  be a v o id  
f o r  p a r t i c l e  p r e c ip i t a t i o n  o f  s u f f i c i e n t  e n e r g ie s  t o  io n iz e  
th e  a tm o s p h e r ic  c o n s t i t u e n t s  a t  E - r e g io n  h e ig h ts  (F ra n k  and 
A c k e rs o n , 1 9 7 1 ). T h is  com bined w i th  th e  n o r m a l ly  low  b la n k e t in g  
f r e q u e n c ie s  o f  p o la r  cap Es s u n g e s ts  t h a t  p a r t i a l  r e f l e c t i o n s  
fro m  e le c t r o n  d e n s i ty  g r a d ie n ts  o r  s c a t t e r i n g  fro m  Es i r r e g u l a r i t i e s  
(R eddy , 1968) may be r e s p o n s ib le  f o r  th e  h ig h  to p  f r e q u e n c ie s  
o f  p o la r  cap  Es r e l a t i v e  t o  th e  b la n k e t in g  f r e q u e n c ie s .  A re v ie w  
o f  th e  io n o s p h e r ic  d a ta  fro m  s e v e ra l a d d ! to n a l  f l i g h t s  i n t o  
th e  p o la r  c a p , d u r in g  m o d e ra te ly  d is tu r b e d  g e o m a g n e tic  c o n d i t io n s ,  
shows v a r ia b le  p o la r  cap Es o c c u r re n c e s  s u c h  as th o s e  fo u n d  
f o r  th e  m a g n e to q u ie t f l i g h t s .
In  summary th e  o c c u r re n c e  o f  n o n - r e ta r d e d  s p o r a d ic  E d u r in g  
m a g n e to q u ie t  ap p e a rs  t o  have a low  l a t i t u d e  b o u n d a ry  t h a t  i s  
p o s i t io n e d  a t  m ost o n ly  s e v e ra l d e g re e s  o f  l a t i t u d e  e q u a to rw a rd  
o f  th e  in s ta n ta n e o u s  p o s i t io n  o f  th e  d i s c r e t e  a u r o r a s .  N o n - re ta rd e d  
s p o r a d ic  E n o rm a lly  o c c u rs  p o le w a rd  o f  a u r o r a l  E and r e ta r d e d  ty p e
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s p o ra d ic  E . The p o la r  cap i s  n o t  a v o id  f o r  th e  o c c u rre n c e  
o f  n o n - re ta rd e d  s p o ra d ic  E; t h i s  means t h a t  th e  p o le w a rd  b o u nda ry  
f o r  th e  o c c u rre n c e  o f  such Es i s  i l l - d e f i n e d .  P o la r  cap Es 
i s  n o rm a lly  n o n -b la n k e t in g  above  tw o m e g a h e rtz . P o la r  cap 
Es is  n o t th e  r e s u l t  o f  p a r t i c l e  p r e c ip i t a ' t i o n  b u t may be due 
to  p a r t i a l  r e f le c t io n s  fro m  e le c t r o n  d e n s i t y  g r a d ie n ts  o r  s c a t t e r in g  
fro m  Es i r r e g u I a r i t i e s  as Reddy (1 9 6 8 ) has s u g g e s te d  f o r  m id - la t i t u d e  
s p o r a d ic  E . • '  .
3 .2 .2  H igh  L a t i t u d e  Io n o s p h e r ic  F 2 -L a y e r
The m a g n e to q u ie t s y n o p t ic  p a t te r n  o f  th e  F 2 - ia y e r  c r i t i c a l  
f re q u e n c ie s  has been in v e s t ig a te d  by u s in g  d a ta  fro m  tw o A la ska n  
m a g n e tic  m e r id ia n  f l i g h t s  and a t h i r d  f l i g h t  i n t o  th e  lo c a l 
noon s e c to r .  T h is  t h i r d  f l i g h t  o r ig in a t e d  fro m  and re tu rn e d  
to  th e  A la s k a n  s e c to r .  F ig u re  26 shows th e  f l i g h t  pa th  s c h e m a tic s  
in  th e  c o r re c te d  g e o m a g n e tic  l a t i t u d e  and lo c a l t im e  c o o rd in a te  
sys te m . .
N o t ic e  t h a t  tw o  a d d i t io n a l  f l i g h t s  used t o  s tu d y  th e  m a g n e to q u ie t 
E -re g io n  w ere  n o t in c lu d e d  in  th e  F 2 - la y e r  s tu d y .  The F2- 
la y e r  is  s u b je c t  t o  g e o g ra p h ic  as w e ll  as  g e o m a g n e tic  in f lu e n c e s .
T he re  e x is t  p rono u n ce d  lo n g i tu d e  s e c to r  d i f f e r e n c e s  among F2- 
la y e r  c h a r a c t e r i s t i c s  t h a t  a re  o rd e re d  g e o m a g n e t ic a lIy  w i th o u t  
re g a rd  f o r  th e  g e o g ra p h ic  c o n s id e r a t io n s .  F o r t h i s  re a so n , 
th e  F 2 - la y e r  has been s tu d ie d  w i th  th e  A la s k a n  s e c to r  d a ta ,  
and th e  d a ta  from  o th e r  lo n g i tu d e  s e c to r  f l i g h t s  have n o t been 
c o n s id e re d . A p o r t io n  o f  t h e  d a ta  fro m  th e  noon s e c to r  f l i g h t  
was a ls o  n o t c o n s id e re d . P a r t  o f  t h i s  f l i g h t  o c c u rre d  n e a r
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I35°E  g e o g ra p h ic  lo n g i tu d e  w here  th e  s o la r  d e p re s s io n  a n g le s  
(g e o g ra p h ic  l a t i t u d e s )  a re  g r e a te r  th a n  th o s e  f o r  th e  same 
geom agne tic  la t i t u d e s  in  th e  A la s k a n  s e c to r .  The e f f e c t  o f  
t h i s  d i f f e r e n c e  was seen e q u a to rw a rd  o f  t h e  a u ro ra  w here , in  
th e  S ib e r ia n  s e c to r ,  th e  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  were 
a p p ro x im a te ly  o n e - h a l f  o f  th e  c r i t i c a l  f r e q u e n c ie s  a t  th e  same 
ge o m agne tic  la t i t u d e  and lo c a l t im e  (CGLT) in  th e  A la s k a n  s e c to r .  
The s y n o p t ic  p a t te r n  o f  th e  F 2 - la y e r  ( F ig u r e  26) is  v a l id  in  
d e ta i I  f o r  th e  A la s k a n  s e c to r  o n ly .  I f  t h e  lo n g i tu d e  s e c to r  
were changed, th e  g e n e ra l Loca l t im e - la t i t u d e  p a t te r n  w ou ld  
re m a in , b u t th e  p a t te r n  w o u ld  be a d ju s te d  a c c o rd in g  to  th e  
g e o g ra p h ic  in f lu e n c e s .  I f  an in s ta n ta n e o u s  h e m is p h e r ic  p a t te r n  
were a v a i la b le  f o r  th e  F 2 - la y e r ,  th e  g e n e ra l p a t te r n  shown 
in  F ig u re  26 w ou ld  change to  accom oda te  th e  g e o g ra p h ic  lo n g itu d e  
s e c to r  v a r ia t io n s .
C r i t i c a l  f re q u e n c ie s  o f  th e  F 2 - la y e r  w e re  d e te rm in e d  f o r  
C o lle g e , A la ska  a t  15 m in u te  in t e r v a l s  and added t o  th e  da ta  
base f o r  November 30 and December I ,  1970. C o lle g e  ionogram s 
were n o t a v a i la b le  t o  su p p le m e n t th e  a i r b o r n e  ionog ram  da ta  
f o r  December 13 -14 , 1969. The C o lle g e  d a ta  p ro v id e d  f o r  lo w e r 
la t i t u d e  c o n t in u i t y  in  th e  f i n a l  a n a ly s is  and a ls o  extended  
th e  n ig h t  s e c to r  d a ta  be lo w  th e  tw o  m e g a h e rtz  low fre q u e n c y  
l i m i t  o f  th e  a ir b o r n e  io n o s o n d e .
W h ile  p o r t io n s  o f  th e  th r e e  f l i g h t s  to o k  p la c e  p o lew ard  
o f  th e  in s ta n ta n e o u s  p o s i t io n s  o f  th e  d is c r e t e  a u ro ra s ,  an a n a ly s is  
o f  th e  F 2 - la y e r  d a ta  has n o t been in c lu d e d  in  F ig u re  26 . A
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c ir c u m p o la r  band c a l le d  th e  F - la y e r  i r r e g u l a r i t y  zone (p la sm a  
r in g  in  th e  to p s id e  n o m e n c la tu re ) e x te n d s  n o m in a lly  p o le w a rd  
• f o r  th r e e  to  f i v e  deg re e s  fro m  n e a r  t h e  e q u a to rw a rd  b o u n d a ry  
o f  th e  d is c r e te  a u ro ra s .  The F - la y e r  i r r e g u l a r i t y  zone (F L IZ ) 
ionogram s a re  g e n e r a l ly  n o t am enab le  t o  a c r i t i c a l  fre q u e n c y  
d e te rm in a t io n ;  see  F ig u re  32 f o r  e x a m p le s  o f  su ch  io n o g ra m s . 
Because o f  th e  u n c e r ta in  c r i t i c a l  f r e q u e n c ie s ,  th e  F - la y e r  
i r r e g u l a r i t y  zone d a ta  w ere n o t in c lu d e d  in  F ig u re  2 6 . The 
p o la r  c a v i t y ,  p o le w a rd  o f  th e  F L IZ , was o b s e rv e d  on o n ly  tw o  
o f  the . f o u r  scans above 80°N CGL. C r i t i c a l  f r e q u e n c ie s  o f  
f o u r  t o  s ix  m e g a h e rtz  w ere o b s e rv e d  n e a r  th e  g e o m a g n e tic  p o le  
and w i t h in  th e  p o la r  cap on th e  e q u a to rw a rd  le g  o f  th e  November 
30 , 1970 f l i g h t .  I t  is  co n c lu d e d  t h a t  s u f f i c i e n t  d a ta  a re  ' '
n o t a v a i la b le  f o r  a v a l id  a n a ly s is  o f  th e  p o la r  cap F 2 - la y e r  
c r i t i c a l  f re q u e n c ie s .  T h u s , F ig u re  26  p re s e n ts  o n ly  th e  s y n o p t ic  
p a t te r n  o f  th e  s u b a u ro ra l w in te r  F 2 - la y e r  as deduced fro m  A la ska n  
s e c to r  io n o s p h e r ic  d a ta .
The c o n to u rs  o f  th e  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  shown 
in  F ig u re  26 re p re s e n t  th e  d a ta  c lo s e l y .  T h e re  w e re  no m a jo r 
d is c re p a n c ie s  w here  m u l t ip le  d a ta  w e re  a v a i la b le .  The c o n to u rs  
have n o t been sm oothed in  a re a s  o f  d a ta  t o  re d u c e  i r r e g u l a r i t i e s .  
O b v io u s ly  th e  c o n to u rs  have been s u b je c t i v e ly  e x te n d e d  a c ro s s  
a re a s  w ith o u t  d a ta .
S in c e  th e  a n a ly s is  p re s e n te d  in  F ig u re  26 does n o t  re v e a l 
any s h a rp  d i s c o n t in u i t ie s  and v e ry  l i t t l e  i n d ic a t io n  o f  a p a tc h y  
s y n o p t ic  p a t te r n ,  i t  is  c o n c lu d e d  t h a t  th e  m a g n e to q u ie t s u b a u ro ra l
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io n o s p h e r ic  F 2 - la y o r ,  p o le w a rd  o f  a p p ro x im a te ly  60°N  CGL, e x h ib i t s  
a q u a s i - s ta t ic n a r y  p a t te r n  f i x e d  w ith  re s p e c t  t o  t h e  e a r t h -  
sun l i n e .  T h is  c o n c lu s io n  im p l ie s  t h a t  o n ly  m in o r  te m p o ra l 
changes o c c u r  w i t h in  a lo c a l  t im e  s e c to r .
S e v e ra l fe a tu r e s  o f  th e  m ain t r o u g h  a re  e v id e n t  fro m  F ig u re  
2 6 . The tro u g h  is  m ost p ro n o u n ce d  in  th e  e a r ly  m o rn in g  h o u rs ;  
t h i s  is  in  agreem en t w i t h  th e  w o rk  o f  T u lu n a y  and S a ye rs  (1 9 7 1 ) .  
The F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  e q u a to rw a rd  o f  65 ° CGL d ro p  
t o  t h e i r  lo w e s t v a lu e s  be tw een  m id n ig h t  and 0400  h o u rs  CGLT 
w h ile  th e  p o le w a rd  t r o u g h  w a l l  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s ,  
a t  a p p ro x im a te ly  70°N CGL, re m a in  n e a r ly  c o n s ta n t  fro m  2100 
t o  0400 h o u rs  CGLT. S u f f i c i e n t  d a ta  w e re  n o t  a v a i la b le  t o  
d e te rm in e  th e  p a t te r n  o f  th e  m ain t r o u g h  in  th e  day s e c to r .  
How ever, th e  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  d e c re a s e  p o le w a rd  
to  th e  p o s i t io n  o f  th e  m idday  a u ro ra s  b e fo r e  in c r e a s in g  t o  
a t t a in  h ig h e r  v a lu e s  n e a r  and s e v e ra l d e g re e s  p o le w a rd  o f  th e  
m idday a u ro ra s .  T h is  l im i t e d  d a ta  sam p le  s u g g e s ts  t h a t  th e  
lo w e s t e le c t r o n  d e n s i t ie s  in  t h e  m idday  F 2 - la y e r  o c c u r  n e a r  . 
o r  s l i g h t l y  e q u a to rw a rd  o f  t h e  m idday a u r o r a s .
The p o le w a rd  tro u g h  w a ll  i s  v e ry  e v id e n t  in  th e  d a ta  re c o rd e d  
on th e  m e r id io n a l f l i g h t  p a th s  t h a t  o c c u r re d  in  th e  lo c a l 
t im e  s e c to r  o f  1800 t o  0400 h o u rs  CGLT. In  th e  n ig h t  s e c to r ,  
t h i s  w a ll  was c o n s is t e n t l y  o b s e rv e d  t o  be n e a r  67° CGL w ith  
a q u a s i- p la te a u  o f  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  e x te n d in g  
p o le w a rd  t o  th e  a u ro ra l p o s i t i o n .  The s in g le  f l i g h t  in t o  th e  
1800 h o u rs  CGLT s e c to r  o b s e rv e d  th e  p o le w a rd  t r o u g h  w a ll  t o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
be n e a r  72°N CGL. I f  th e s e  o b s e r v a t io n s  a r e  r e p r e s e n ta t iv e  
o f  th e  a ve ra g e  m a g n e to q u ie t  p o s i t io n s ,  i t  a p p e a rs  t h a t  th e  
p o le w a rd  tro u g h  w a ll  in  t h e  n ig h t  s e c to r  i s  a p p ro x im a te ly  th r e e  
d e g rees  o f  l a t i t u d e  e q u a to rw a rd  o f  t h e  a v e ra g e  a u ro ra l p o s i t io n  
g iv e n  by th e  0 = 0  a u r o r a l  o v a l ( F e ld s t e in  and S ta rk o v ,  1 9 6 7 ).
F ig u re  27 shows a t y p i c a l  io n o g ra m  se q u e n c e  th ro u g h  th e  
t r o u g h  w a ll  re c o rd e d  on Decem ber 14, 1969. The 0845 UT io n o g ra m , 
re c o rd e d  a t  a p p ro x im a te ly  68°N  CGL and 2120  h o u rs  CGLT shows 
a weak m u l t ip le  o f  th e  F 2 - !a y e r  and an o b i iq u e  E - re g io n  e ch o .
Ten m in u te s  l a t e r  a t  a p p r o x im a te ly  6 7 .5 ° N  CGL and 2140 h o u rs  
CGLT th e  m u l t ip le  o f  th e  F 2 - la y e r  and th e  E - re g io n  echo w ere  
b o th  g one . N o t ic e  a is o  t h a t  th e  v i r t u a l  h e ig h t  o f  th e  F2- 
la y e r  echo  had in c re a s e d  be tw e e n  0 845  and 0855  UT. D u r in g  th e  
n e x t 15 m in u te s  (0 8 5 5 -0 9 1 0  UT) th e  F 2 - la y e r  echo became v e ry  
weak and in c re a s e d  in  v i r t u a l  ra n g e , and f i n a l l y  t h e  F 2 - !a y e r  
echo d is a p p e a re d  a t  0912  UT a t  a l a t i t u d e  o f  a p p ro x im a te ly  
6 6°N CGL and a lo c a l t im e  o f  2155 h o u rs  CGLT. S im i la r  io n o g ra m  
sequences  w ere o b s e rv e d  on  t h e  f l i g h t s  o f  Novem ber 30 and 
December I ,  1970. F o r  e q u a to rw a rd  f l i g h t  p a th s ,  th e  d is a p p e a ra n c e  
o f  th e  F 2 - !a y e r  m u l t i p l e ,  th e  w e a k e n in g  o f  th e  ionog ram  e ch o e s , 
th e  in c re a s e  in  th e  v i r t u a l  ra n g e  o f  th e  F 2 - la y e r  e ch o e s , th e  
f i n a l  d is a p p e a ra n c e  o f  th e  F 2 - la y e r  e ch o e s  fro m  th e 'io n o g ra m  and 
th e  le s s  th a n  tw o  m e g a h e rtz  F 2 - la y e r  c r i t i c a l  fre q u e n c y  re c o rd e d  
a t  C o lle g e  com b in e  t o  p r o v id e  e v id e n c e  t h a t  th e  p o le w a rd  w a ll  
o f  th e  m ain t r o u g h  i s  a we I I d e f in e d  fe a t u r e  o f  th e  m a g n e to q u ie t ,  
n ig h t  s e c to r ,  b o t to m s id e ,  h ig h  l a t i t u d e  io n o s p h e re .  (D a ta  f o r
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p o le w a rd  f l i g h t  p a th s  a re  s im i l a r ,  b u t  th e  se q u e n ce  is  re v e rs e d ) .
3 .3  F2-LAYER SYNOPTIC PATTERN DEDUCED FROM GROUND IONOSONDES
The p u rpose  o f  t h i s  s e c t io n  i s  t o  show t h a t  d u r in g  m a g n e to q u ie t 
t h a t  g ro u n d  a c q u ire d  io n o so n d e  d a ta  can p r o v id e  a s im i l a r  s y n o p t ic  
p a t te r n  o f  th e  F 2 - la y e r  c r i t i c a l  f re q u e n c ie s  as was deduced 
fro m  a i r b o r n e  s u rv e y  d a ta .  T h is  a n a ly s is  w i l l  a ls o  s e rv e  to  
i l l u s t r a t e  t h a t  a m e r id ia n  c h a in  o f  g ro u n d  io n o s o n d e s  can p ro v id e  
d u r in g  m a g n e to q u ie t a re a s o n a b le  m e r id io n a l c r o s s - s e c t io n  o f  
t h e  io n o s p h e r ic  F 2 - la y e r .
D a ta  fro m  th re e  io n o so n d e s  t h a t  w e re  o p e ra te d  in  A la s k a  
d u r in g  Septem ber 1964 p ro v id e d  th e  d a ta  used f o r  t h i s  in v e s t ig a t io n .  
S ep tem ber 1964 io n o so n d e  d a ta  f o r  B a rro w  w e re  scanned t o  le a rn  
t h o  c h a r a c te r  o f  +he io nog ram s re c o rd e d  a t  ^ 7 0 °N CGL com pared 
t o  th o s e  re c o rd e d  a t  C o lle g e  a+ *v65°N CGL. A q u ie t  2 4 -h o u r  
p e r io d  was found (S ep tem ber 14, 1000 UT t o  S e p te m b e r 15, 1000 UT) 
d u r in g  w h ich  F 2 - la y e r  d a ta  w ere  a v a i la b le  c o n t in u o u s ly  e x c e p t 
f o r  a b r i e f  p e r io d  o f  b la n k e t in g  s p o ra d ic  E n e a r  m a g n e tic  
m id n ig h t .  Good q u a l i t y  io n o so n d e  d a ta  w e re  fo u n d  t o  e x i s t  
f o r  Col le g e  and A nchorage w i th  th e  e x c e p t io n  o f  a 3 h o u r  45 
m in u te  p e r io d  a t  A n ch o ra g e . Data f o r  th e  f o l lo w in g  2 4 -h o u r  
p e r io d  w ere  s u b s t i t u te d  f o r  th e  m is s in g  A n c h o ra g e  d a ta  as th e  
d a ta  f o r  th e  tw o days on e i t h e r  s id e  o f  t h e  m is s in g  d a ta  p e r io d  
a g re e d  c lo s e ly *  .
W o rld w id e  m a g n e tic  c o n d i t io n s  w ere  q u ie t  f o r  t h i s  2 4 -  
h o u r  p e r io d .  was 0+ e x c e p t f o r  lo  and I -  f o r  th e  p e r io d s  
S ep tem ber 14, 2100 t o  2400 UT and S ep tem ber 15, 0600 t o  0900 UT,
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r e s p e c t iv e ly .  ranged fro m  +2 t o  +16 gammas (S u g iu ra  and 
P o ro s , 1971). F ig u re  28 p re s e n ts  th e  a u r o r a l  zone m agnetogram s 
f o r  th e  Septem ber 14-15 , 1964 p e r io d .  T h re e  r a t h e r  w e ll  d e f in e d  
b u t s h o r t  d u r a t io n  n e g a t iv e  bays o c c u r re d  d u r in g  th e  2 4 -h o u r  
p e r io d .  These le s s  th a n  100 gamma n e g a t iv e  bays o c c u r re d  a t  
a D ou t 1900 UT and 2300 UT on S eptem ber 14 (D ix o n  and L e ir v o g u r )  ' 
and a t  ab o u t 0500 UT on S eptem ber 15 ( F o r t  C h u r c h i l l ) .  These 
bays w ere  th e  m ost n o ta b le  m a g n e tic  s u b s to rm  a c t i v i t y  o f  th e  
2 4 -h o u r  p e r io d .
T he F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  f o r  th e  t h r e e - s t a t io n s  
w e re  s c a le d  f o r  15 m in u te  in t e r v a ls  and w e re  p lo t t e d  in  th e  
c o r r e c te d  ge o m a g n e tic  la t i t u d e  and lo c a l  t im e  c o o r d in a te  sys te m . 
C o n to u rs  a t  o n e - h a l f  m e g a h e rtz  i n t e r v a l s  w e re  hand d ra w n , and 
th e  r e s u l t s  a re  shown in  F ig u re  2 9 . A g a in  th e  c o n to u rs  re p re s e n t 
th e  d a ta  c lo s e ly .
S e ve ra l fe a tu r e s  a re  a p p a re n t .  The s lo w  2 4 -h o u r  scan  
o f  th e  th re e  s t a t io n  io n o s p h e r ic  o b s e rv in g  c h a in  b e n e a th  th e  
a u r o r a l  zone io n o s p h e r ic  F 2 - la y e r  has p ro d u c e d  a s y n o p t ic  p a t te r n  
e s s e n t ia l l y  l i k e  t h a t  deduced in  th e  p r e v io u s  s e c t io n  fro m  
th e 'a r r b o r n e  io n o so n d e  d a ta .  The o n ly  lo c a l  t im e  s e c t o r  w he re  
a ’ p a tc h y ’ c o n to u r  p a t te r n  e x is t s  is  in  th e  a f te r n o o n  s e c to r .
One n o te s  th a t  t h i s  b reakdow n in  th e  sm oo th  c o n to u r  p a t t e r n  
o c c u r re d  a f t e r  th e  f i r s t  tw o  n e g a t iv e  bays and d u r in g  th e  t h i r d  
bay m en tioned  e a r l i e r .  H ow ever, such  a c o n n e c t io n  may be f o r t u i t o u s .  
D ata p o le w a rd  o f  70°N CGL a re  needed t o  b e t t e r  d e f in e  th e  c o n to u r  
p a t t e r n  in  th e  a f te rn o o n  t im e  s e c to r  (CGLT) and t o  d e te rm in e  i f
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F 2 - la y e r  e f f e c t s  o c c u rre d  in  a s s o c ia t io n  w i th  th e  weak n e g a t iv e  
b a ys . F 2 - la y e r  c o n d i t io n s  a s s o c ia te d  w ith  m a g n e to s p h e r ic  su b s to rm s  
w i l l  he Jr e a te d  in  th e  n e x t c h a p te r .
The c h a r a c t e r i s t i c s  o f  t h e  n ig h t  s e c to r  m ain t ro u g h  a re  
v e ry  s im i la r  to  th o s e  fo u n d  fro m  th e  a i r c r a f t  d a ta .  The p o lew ard  
tro u g h  w a ll is  n o t  a s  w e ll r e s o lv e d ,  as d a ta  were o n ly  a v a i la b le  
a t  n,65°N and V70°N la t i t u d e  CGL. I t  is  in t e r e s t in g  to  n o te  
t h a t  in  th e  n ig h t  s e c to r  betw een 6 0 ° and 65°N CGL t h a t  th e re  
was e s s e n t ia l l y  no m e r id io n a l g r a d ie n t  in  th e  F 2 - la y e r  c r i t i c a l  
f re q u e n c y .
W in te r  n ig h t  F 2 - la y e r  d a ta  w i l l  be used frc m  A l la k a k e t 
(6 5 .6 °N  CGL), C o lle g e  and A ncho rage  t o  s tu d y  th e  F 2 - la y e r  su b s to rm  
t im e  v a r ia t io n s .  I t  is  t h e r e f o r e  re a s o n a b le  t o  a s k  i f  th e  
m a g n e to q u ie t w in te r  p a t te r n  o f  F 2 - la y e r  c r i t i c a l  fre q u e n c ie s  
a t  a p p ro x im a te ly  65°N CGL fo l lo w s  th e  c h a r a c te r  found  f o r  
th e  p e r io d  s tu d ie d  in  S ep tem ber, 1964 and deduced from  th e  
a ir b o rn e  ion o so n d e  d a ta .  R e fe re n c e  t o  S ta n le y  (1 9 6 6 , f ig u r e  
5 ) shows t h a t  th e  F 2 - la y e r  c r i t i c a l  f r e q u e n c ie s  a t  C o lle g e  and 
A l la k a k e t ,  d u r in g  f o u r  m a g n e to q u ie t days in  J a n u a ry  1966 fo l lo w  
th e  same g e n e ra l p a t te r n  deduced in  t h i s  and th e  p re v io u s  s e c t io n s  
(F ig u re s  26 and 2 9 ) .
I t  has been shown t h a t  th e  d a ta  fro m  a m e r id ia n  c h a in  o f  
ionosondes a re  u s e fu l f o r  th e  s tu d y  o f  t h e  io n o s p h e r ic  F 2 - |a y e r  
between 60° and 70°N CGL. D ata com bined fro m  one 2 4 -h o u r p e r io d  
d u r in g  a m a g n e to q u ie t p e r io d  have p ro d u ce d  a la t i t u d e  lo c a l 
t im e  p a t te r n  (F ig u re  29) c o n s is te n t  w i th  to p s id e  so u n d e r s a t e l l i t e
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d a ta  sm oothed o v e r  many passes as w e ll  as c o n s is te n t  w i t h  th e  
p a t te r n  deduced fro m  th r e e  m a g n e to q u ie t  a i r b o r n e  s u rv e y s  o f  
th e  h ig h  l a t i t u d e  io n o s p h e re  (F ig u r e  2 6 ) .
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TABLE 2
A i r b o r n e  S u rv e y s  o f  th e  H ig h  L a t i t u d e  Io n o s p h e re  d u r in g  M a g n e to q u ie t
D a te
D ecem ber 1 3 -1 4 , 1969 
N ovem ber 3 0 , 1970 
Decem ber I ,  1970 
J a n u a ry  8 ,  1971 
Novem ber 1 6 -1 7 , 1971
F I i q h t  T im e s  (U T ) 
T a k e o f f  Land 
1 3 /2 3 5 3  14 /0928
3 0 /0 4 0 0  3 0 /1 3 1 5
0 1 /0 8 2 0  0 1 /1 8 0 0  
0 8 /0 0 5 5  0 8 /0 9 2 3
16 /2208  1 7 /0600
Oo 1 - 0 + 0 +  I + 
0+ Oo Oo 0+
Oo Oo Oo 0+ 0+ 
Oo Oo Oo Oo 
0+ Oo Oo Oo
2 ! -  09 UT 
03 -  15 UT 
06 -  21 UT 
00 -  12 UT 
21 -  09 UT
103a
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
F ig .  22
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
LEIRVOGUR 
GREAT W HALE RIVER 
FORT CHURCHILL
COLLEGE 
CAPE W ELLEN  
TIXIE BAY 
CAPE CHELYUSKIN 
DIXON 
MURMANSK 
KIRUNA
NOVEMBER 30, 1970 
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POLEWARD TROUGH W ALL AURORAL E -LAYER
.1,1970— IDEC. 14,1969 — 0845UT
4, 444iir!r
RETARDED T Y P E  Es
DEC. 1.1970 — II33UT
NOV. 30,1970-- 0905UT 
ALL HEIGHT MARKERS ARE AT 150KM. INTERVALS
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THE HIGH LATITUDE IONOSPHERE DURING MAGNETOSPHERIC SUBSTORMS 
V a r io u s  w o rk e rs  have n o te d  t h a t  h ig h  l a t i t u d e  io n o s p h e r ic  
and m a g n e tic  d is tu rb a n c e s  a re  c lo s e ly  r e la t e d .  H ow ever, th e  
r e la t io n s h ip s  have n o t  been in v e s t ig a te d  w i t h in  t h e  c o n c e p ts  
o f  th e  m a g n e to s p h e r ic  s u b s to rm . The p u rp o s e  o f  t h i s  c h a p te r  
is  t o  i d e n t i f y  and c o n s id e r  s e v e ra l s u b s to rm  v a r ia t io n s  o f  
th e  h ig h  la t i t u d e  io n o s p h e re . The r e s u l t s  o f  th e s e  i n v e s t ig a t io n s  
a re  sum m arized in  s e c t io n s  4 .1 . 7 ,  4 .2  and 4 .3 .4
4 .1  THE DAY SECTOR F-LAYER DURING A MAGNETOSPHERIC SUBSTORM
4 .1 .1  In t r o d u c t io n
„ C h a p te r 3 c o n s id e re d  th e  g e n e ra l m a g n e to q u ie t  p a t te r n  
o f  th e  F 2 - ia y e r  e q u a to rw a rd  o f  th e  d is c r e t e  a u r o r a s .  W ith  
t h i s  ba ckg ro u n d , th e  f i r s t  s e c t io n  o f  t h i s  c h a p te r  w i l l  c o n s id e r  
in  m ore d e t a i l  th e  day s e c to r  f e a tu r e s  o f  th e  F - la y e r  and t h e i r  
v a r ia t io n s  d u r in g  a m a g n e to s p h e r ic  s u b s to rm . .T he  * F 2 - Ia y e r *  
n o m e n c la tu re  w i l l  be dropped in  fa v o r  o f  'F - la y e r *  f o r  th e  .
re m a in d e r  o f  t h i s  s e c t io n .  L a y e r in g  o f  th e  F - r e g io n  o c c u rs  
in f r e q u e n t ly  a t  g e o g ra p h ic  la t i t u d e s  p o le w a rd  o f  a p p r o x im a te ly  
70 ° in  th e  w in te r  h e m is p h e re .
S a t e l l i t e  s tu d ie s  p ro v id e d  th e  i n i t i a l  im p e tu s  f o r  an 
in c re a s e d  u n d e rs ta n d in g  o f  th e  h ig h  l a t i t u d e  io n o s p h e r ic  F - la y e r  
( c f . P e t r ie ,  1966; Mu I d rew , 1965; Andrews and Thom as, 1969; 
and Thomas and A nd rew s, 1 9 6 9 ). H ow ever, O g u ti and M arubash i 
(1 9 6 6 ) ,  in  a s tu d y  o f  b o tto m s id e  io nog ram s re c o rd e d  in  th e  
noon CGLT s e c to r ,  id e n t i f i e d  t h a t  a lo c a l iz e d  enhancem ent 
in  th e  F 2 - la y e r  e le c t r o n  d e n s i ty  e x is te d  n e a r  7 5 °  CGL. L a te r
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F e ld s te in  and S ta rk o v  (1 9 6 7 ) showed t h a t  th e  noon CGLT s e c to r  
o f  th e  Q = 3 s t a t i s t i c a l  a u r o r a l  o v a l a ls o  o c c u r re d  n e a r  75 ° CGL.
I h t i ’ r e c e n t ly  h o w e ve r, a r e l a t io n s h ip  be tw e e n  th e  io n o s p h e re  
and th e  a u ro ra s  in  th e  day s e c to r  c o u ld  o n ly  be in f e r r e d .  The 
A i r  F o rc e  C am bridge  R esea rch  L a b o r a to r ie s ,  u s in g  a j e t  a i r c r a f t  
as an o b s e r v in g  p la t f o r m  f o r  h ig h  l a t i t u d e  io n o s p h e r ic  and 
a u r o r a !  re s e a rc h , have now d i r e c t l y  s tu d ie d  t h i s  r e la t io n s h ip  
(W ha len  e t  a I . ,  1971; P ik e ,  I 9 7 1 b ; . Buchau e t  a I . ,  1 9 7 2 ). T h e i r  
o b s e r v a t io n s  show t h a t  t h e  d a y - s e c to r  F - la y e r  e le c t r o n  d e n s i t y  - 
e n h a n ce m e n t, h e re in  c a l le d  th e  F - la y e r  i r r e g u l a r i t y  zone ( F L IZ ) ,  
is  C o - lo c a te d  w ith  a band o f  enhanced 6300A e m is s io n  w i t h in  
w h ic h  d is c r e t e  v is u a l  a u ro ra s  a p p e a r .  P ik e  (1 9 7 1 ) has a ls o  
shown t h a t  th e  to p s id e  'p la s m a  r i n g '  and th e  b o t to m s id e  F L IZ  
a re  th e  same fe a tu r e  and t h a t  t h e  F - la y e r  p o la r  c a v i t y  i s  a 
fe a t u r e  common to  b o th  o b s e r v a t io n s .  In  a d d i t i o n ,  W agner and 
P ik e  (1 9 7 2 ) have o b s e rv e d  t h a t  t h e  e q u a to rw a rd  b o u n d a ry  o f  
th e  F L IZ  c o in c id e s  c lo s e ly  w i t h  th e  p re s e n c e  o f  a u ro ra  in  t h e  
z e n i t h  in  t h e  la te  e v e n in g  s e c t o r .  I f  t h i s  l a t t e r  o b s e r v a t io n  
is  r e p r e s e n ta t iv e  o f  th e  r e la t io n s h ip  be tw een th e  F L IZ  and 
th e  e n t i r e  a u ro ra l o v a l ,  s t a t i s t i c a l  a u r o r a !  s t u d ie s  ( e .g .  
F e ld s te in  and S ta rk o v , 1 9 6 7 ), can  be used t o  i n f e r  th e  s y n o p t ic  
d i s t r i b u t i o n  o f  th e  e q u a to rw a rd  b o u n d a ry  o f  t h e  F L IZ .
N um erous a u th o rs  (A k a s o fu  and Chapman, 1963; F e ld s te in  
and S ta r k o v ,  1967; F e ld s t e in ,  1969; S t r ? n g e r  e t  a I . ,  1965;
S t r in g e r  and B e lo n , 1967; and Chubb and H ic k s ,  1970) have  shown 
t h a t  cha n g e s  in  th e  shape and th e  s iz e  o f  th e  a u r o r a l  o v a l .
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c o rre s p o n d  t o  changes in  m a g n e tic  a c t i v i t y .  A ka so fu  (1 9 7 2 a ,
1972b) has shown t h a t  d a y -s e c to r  a u ro ra s  t y p i c a l l y  move e q u a to rw a rd
w ith  th e  d e v e lo p m e n t o f  a m a g n e to s p h e r ic  s u b s to rm , a n d , as
th e  s u b s to rm  re c o v e rs ,  th e  d a y -s e c to r  a u ro ra s  r e t r e a t  p o le w a rd .
I f  th e  c lo s e  s p a t ia l  r e la t io n s h ip  between th e  FL1Z and a u ro ra s  
is  s u b s t a n t ia t i v e ,  th e n  th e  F L IZ  is  e x p e c te d  t o  e x h i b i t  m e r id io n a l 
m o tio n s  s im i l a r  t o  th o s e  o f  th e  a u ro ra s .  I t  is  th e  p u rp o se  
o f  t h i s  s e c t io n  to  p re s e n t o b s e r v a t io n a l e v id e n c e  t h a t  such 
a r e la t io n s h ip  does e x i s t  d u r in g  a m a g n e to s p h e r ic  s u b s to rm .
4 . 1 . 2  A i r c r a f t  In s t ru m e n ta t io n  and F l i g h t  T ra c k
In  December 1969 th e  f l y i n g  io n o s p h e r ic  la b o r a to r y ,  a NKC-135 
j e t  a i r c r a f t  o f  th e  A i r  F o rce  C am bridge  R esearch  L a b o r a to r ie s ,  
in v e s t ig a te d  th e  m idday s e c to r  o f  th e  a u ro ra l o v a l u n d e r c o n d i t io n s  
o f  d a rk n e s s . The a i r c r a f t  is  in s tru m e n te d  w ith  a G ra n g e r v e r t i c a l  
in c id e n c e  io n o so n d e  (30 kw p u ls e  peak p o w e r) , an a l l - s k y  cam era , 
and s e v e ra l p h o to m e te rs . The a i r c r a f t  f l i g h t  p a th  on December 5 -6 ,  
1969 is  d e p ic te d  in  CGL and CGLT c o o rd in a te s  in  F ig u re  3 0 .
The p o s i t io n  o f  th e  a i r c r a f t  a t  v a r io u s  u n iv e r s a l  t im e s  has 
been in d ic a te d  n e x t t o  th e  f l i g h t  p a th .  F ig u re  31b d e p ic t s  
in  g r e a te r  d e t a i l  th a n  F ig u re  30 th e  m idday p o r t io n  o f  th e  
f l i g h t  p a th .  O f m a jo r i n t e r e s t  h e re  is  th e  p e r io d  fro m  0230 
t o  0630 UT.
4 .1 .3  M a g n e tic  A c t i v i t y
M a g n e tic  a c t i v i t y  d u r in g  th e  te n  h o u r f l i g h t  was m o d e ra te ly  
d is tu r b e d  (K ^ ranged  fro m  3 -  t o  4 + ) .  N e g a tiv e  D ^  v a lu e s ,
(S u g iu ra  and P o ro s , 1971) w h ich  ranged fro m  -7  t o  -3 7  gammas,
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in d ic a te d  t h a t  a s i g n i f i c a n t  r in g  c u r r e n t  was p re s e n t  d u r in g  
th e  f l i g h t .  F ig u re  3 1 a shows th e  AE, AU, AL and th e  m a g n e tic  
in d ic e s  f o r  th e  f l i g h t .  The AE, AU and AL in d ic e s  w ere  d e r iv e d  
fro m  th e  s u p e r p o s i t io n  c f  th e  H o r  X com ponen t m agnetogram s 
fro m  I I  o b s e r v a to r ie s  w h ich  a re  i d e n t i f i e d  in  th e  F ig u re  c a p t io n .
An e x a m in a t io n  o f  th e  d a ta  p re s e n te d  in  F ig u re  31a shows t h a t  
tw o  m a g n e tic  su b s to rm s  o c c u r re d  d u r in g  th e  f l i g h t .  The m a g n e tic  
a c t i v i t y  fro m  a b o u t 0400 to  0600 UT is  o f  p r im e  i n t e r e s t  f o r  
o u r  d is c u s s io n .  THe in c re a s e  in  th e  AE and th e  AL in d ic e s  
began s h o r t l y  a f t e r  0330 UT (F ig u re  3 la ) .  H ow ever, as p o in te d  
e u t  in  C h a p te r 2 , th e  o n s e t o f  a m a g n e to s p h e r ic  s u b s to rm  is  
d i f f i c u l t  t o  d e te rm in e  fro m  m a g n e tic  re c o rd s  a lo n e .  The A la s k a n  
m e r id ia . ,  c h a in  o f  a u r o r a i a l l - s k y  ca m eras , w h ic h  was lo c a te d  
in  th e  l a t e r  a f te rn o o n  and e a r ly  e v e n in g  s e c to r ,  re c o rd e d  th e  
sudden appe a ra n ce  and b r ig h te n in g  o f  an a u r o r a l  a r c  j u s t  s o u th  
o f  In u v ik  (7 1 .1 °  CGL) betw een 0405 and 0410 UT w h ic h  was th e n  
fo l lo w e d  by t y p ic a l  n ig h t  s e c to r  s u b s to rm  a u ro ra s  (A k a s o fu  e t  a 1. ,  
1 9 7 1 ). S in c e  th e  A la s k a n  m a g n e tic  m e r id ia n  was in  th e  p r e - m id n ig h t  
s e c to r ,  i t  is  l i k e l y  t h a t  th e  s u b s to rm  o n s e t  t im e  was p r i o r  
t o  0400 UT. F o r th e  p u rp o se s  o f  o u r  c o n s id e r a t io n  th e  p r e c is e  
o n s e t t im e  is  n o t e s s e n t ia l .  F o r c o n v e n ie n c e , th e  m a g n e tic  
d is tu r b a n c e  o f  p rim e  in t e r e s t  w i l l  be te rm e d  th e  ’ 0400 UT s u b s to rm ’ . 
The maximum deve lo p m e n t o f  th e  '0 4 0 0  UT s u b s to rm ’ o c c u r re d  
n e a r 0530 UT. A l l - s k y  cam era d a ta ,  ta k e n  a t  s t a t io n s  a lo n g  
th e  A la s k a n  m a g n e tic  m e r id ia n ,  show t h a t  th e  0400 UT s u b s to rm
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ended a t  a b o u t 0600 UT and t h a t  a n o th e r  d is tu rb a n c e  began a t  
ab o u t 0630 UT (A k a s o fu  e t  a I . ,  1 9 7 1 ).
4 .1 .4  As. . 'o ra l A c t i v i t y
Due to  f o r t u i t o u s  c irc u m s ta n c e s  m idday  a u ro ra s  w ere  n e a r 
th e  z e n ith  o f  th e  a i r c r a f t  frc m  a b o u t 0130 to  0500 UT, even 
th o u g h  th e  a i r c r a f t  scanned o v e r  a s i x  d e g re e  w id e  l a t i t u d e  
band. R e p re s e n ta t iv e  p o s i t io n s  o f  t h e  d a y - s e c to r  a u ro ra s  obse rve d  
in  th e  a i r c r a f t  a re  shown s c h e m a t ic a l ly  in  F ig u re  31b by th e  
symbol X. A kaso fu  (1 972a ) has shown t h a t  m idday a u ro ra s  s h i f t  
e q u a to rw a rd  d u r in g  m a g n e to s p h e r ic  s u b s to rm s , and A ka so fu  (1972b) 
has a ls o  shown t h a t  a c lo s e  r e la t io n s h ip  e x is t s  betw een th e  
m a g n itu d e  o f  th e  e q u a to rw a rd  s h i f t  and th e  in t e n s i t y  o f  th e  
a u ro ra l e l e c t r o je t .  On th e  f l i g h t  o f  December 5 -6 ,  1969, th e  
e q u a to rw a rd  s h i f t  and th e  p o ie w a rd  re c o v e ry  o f  th e  m idday  a u ro ra s  
d u r in g  tw o su b s to rm s  c o u ld  be fo l lo w e d  (F ig u re  3 1 b ) .  The f i r s t  
s u b s to rm  (^0200  UT) had an AL in d e x  o f  a p p ro x im a te ly  -6 5 0  gammas 
as compared to  a b o u t -4 5 0  gammas f o r  th e  0400 UT s u b s to rm .
The symbol X f o r  th e  a u ro ra  in  F ig u re  31b shows t h a t  th e  long  
d u r a t io n  n e g a t iv e  bay a s s o c ia te d  w ith  th e  0400 UT s u b s to rm  
re s u l te d  in  a g r e a te r  e q u a to rw a rd  s h i f t  o f  t h e  m idday a u ro ra s  
th e n  th e  f i r s t  s u b s to rm  (o,0200 U T ). T h is  r e la t io n s h ip  has 
been in d i r e c t l y  s u g g e s te d  by A ka so fu  (1 9 7 2 b ) .
4 .1 .5  Ionogram  In te r p r e t a t io n
P ik e  (1 9 7 1 b ) ,  W agner and P ik e  ( 1 9 7 1 ) ,  and Buchau e t  a I . (1972) 
have d is c u s s e d  th e  c h a r a c te r  o f  io.nograms re c o rd e d  d u r in g  numerous 
a i r c r a f t  l a t i t u d e  scans  benea th  th e  m idday  s e c to r  o f  th e  a u ro ra l 
ova I .
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The s u b a u ro ra l F - la y e r ,  e q u a to rw a rd  o f  th e  a u r o r a l o v a l ,  
is  c h a ra c te r iz e d  by r e l a t i v e l y  s im p le  ionog ram s w ith  l i t t l e  
s p re a d in e s s  and w i th  i d e n t i f i a b le  c r i t i c a l  f r e q u e n c ie s .  A s im i la r  
ty p e  o f  ionogram  is  a ls o  re co rd e d  fro m  th e  p o la r  c a v i t y  F - la y e r .
In  c o n t r a s t  to  such s im p le r  ion o g ra m s fro m  th e  F - la y e r s  
e q u a to rw a rd  and w e ll  p o le w a rd  o f  th e  a u r o r a ,  t h e  F - la y e r  i r r e g u l a r i t y  
zone (F L iZ )  is  c h a r a c te r iz e d  by ionog ram s t h a t  a re  d i f f i c u l t  
to  in t e r p r e t  in  th e  sense o f  v i r t u a l  h e ig h ts  and c r i t i c a l  f r e q u e n c ie s .  
S p re a d in e s s  d o m in a te s  th e  F L IZ  io nog ram s and o f t e n  th e r e  is  
no s i g n i f i c a n t  c r i t i c a l  fre q u e n c y  r e t a r d a t io n .
In  t h i s  s e c t io n  an a t te m p t  w i l l  be made t o  i d e n t i f y  w hat 
s e c to r  o f  th e  h ig h  l a t i t u d e  io n o s p h e re  i s  re p re s e n te d  by each 
F - ia y e r  ionog ram . These th r e e  s e c to r s  a r e :  th e  s u b a u ro -a l
F - ia y e r  (SF) e q u a ro rw a rd  o f  th e  a u r o r a ,  th e  F - la y e r  i r r e g u l a r i t y  
zone (F L IZ ) n e a r and e x te n d in g  c h a r a c t e r i s t i c a l l y  f o u r  d e g rees  
o f  l a t i t u d e  p o le w a rd  o f  th e  a u ro ra  (P ik e ,  1 9 7 1 b ), and th e  p o la r  
c a v i t y  F - la y e r  (PC) p o le w a rd  o f  th e  F L IZ .
F ig u re  32 shows r e p r e s e n ta t iv e  iono g ra m s and a l l - s k y  camera 
p h o to g ra p h s  s e le c te d  fro m  th e  re c o rd e d  se q u e n c e s . The s e c to r  
o f  th e  h ig h  la t i t u d e  io n o s p h e re  c h a r a c te r iz e d  by each F - la y e r  
ionogram  is  shown in  F ig u re  3 2 . Each F - la y e r  echo  in  F ig u re  32 
is  a ls o  id e n t i f i e d  by a c o r re s p o n d in g  num ber. A b r i e f  d is c u s s io n  
fo l lo w s  o f  th e  e s s e n t ia l  ionogram  c h a r a c t e r i s t i c s .
Fo r th e  p e r io d  o f  p rim e  in t e r e s t ,  th e  a i r c r a f t  was e q u a to rw a rd  
o f  th e  m idday a u ro ra s  fro m  0215 t o  0239 UT and fro m  0 4 2 1 -t o  0448 UT 
(F ig u re  3 1 b ). The low le v e ls  o f  s p re a d in e s s  and th e  re ta rd e d
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F - la y e r  echoes shown on th e  0230 and th e  0440 UT io n o g ra m s  
a re  c h a r a c t e r i s t i c  o f  th e  s u b a u ro ra l F - la y e r  ( F ig u r e s  32a and 
3 2 g ) .  The 0430 UT fra m e  ( F ig u r e  3 2 f )  shows a t r a n s i t i o n  ionogram  
w i th  echoes fro m  b o th  t h e  F L IZ  and th e  s u b a u r o r a l F - la y e r .
A f t e r  0430 UT th e  F L IZ  echo  in c re a s e d  in  v i r t u a l  ra n g e  w h i le  
th e  range  o f  th e  s u b a u ro ra l F - la y e r  e ch o  d e c re a s e d .
The io n o g ra m s be tw een 0241 and 0420 UT w ere  re c o rd e d  w ith  
a u ro ra  in  th e  z e n i t h  o r  s l i g h t l y  e q u a to rw a rd  o f  t h e  a i r c r a f t  
p o s i t io n  ( F ig u r e  3 1 b ) .  These  io n o g ra m s  a r e  r e p r e s e n t a t iv e ,  
w i t h  m in o r e x c e p t io n s ,  o f  th e  F L IZ . The F - la y e r  e ch o e s  on th e  
0241 UT t r a n s i t i o n  io n o g ra m  by 0244 UT had e v o lv e d  t o  be v e ry  
c h a r a c t e r i s t i c  o f  t h e  F L IZ .
N ote  th e  c le a r  d i f f e r e n c e s  b e tw e e n  th e  io n o g ra m s  re c o rd e d  
p o le w a rd  o f  th e  a u ro ra s  (F ig u re s  32c and 32d ) com pared t o  th o s e  
re c o rd e d  w e ll  e q u a to rw a rd  o f  th e  a u ro ra  ( F ig u r e  32a and 3 2 g ) .
On th e  f i n a l  p o le w a rd  le g ,  a u r o r a  was o b s e rv e d  in  th e  
z e n i t h  a t  0449 UT. The m a jo r i t y  o f  t h e  io n o g ra m s  on t h i s  f l i g h t  
le g  were re c o rd e d  w i th  a u ro ra  w e l l  e q u a to rw a rd  o f  t h e  a i r c r a f t  
( F ig u r e  3 1 b ) .
The 0455 UT iono g ra m  ( F ig u r e  3 2 h ) r e p r e s e n ts  a t r a n s i t i o n  
io n o g ra m . A f t e r  0455 UT th e  echo  fro m  th e  s u b a u ro ra l F - la y e r  
in c re a s e d  r a p id l y  in  v i r t u a l  ra n g e , became s p re a d  and d is a p p e a re d . 
The FL IZ  e ch o , s l i g h t l y  b e lo w  300km , d e v e lo p e d  r a p id l y  as th e  
p la n e  c o n t in u e d  p o le w a rd . The 0524 UT io n o g ra m  is  r e p r e s e n ta t i  ve 
o f  th e  F L IZ . H ow eve r, a b o u t t h i s  t im e  th e  F L IZ  e ch o  began to  
in c re a s e  in  v i r t u a l  r a n g e . T h is  in c r e a s e  in  ra n g e  in d ic a te d  
th e  d e p a r tu re  o f  th e  a i r c r a f t  f ro m  th e  a re a  w h e re  th e  F L IZ
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was lo c a te d .
The 0535 UT ionog ram  .shows c le a r l y  an echo w ith  a d i f f e r e n t  
c h a r a c te r .  The low c r i t i c a l  f re q u e n c y  and th e  decreased  s p re a d in e s s  
com bined w i th  th e  f a c t  t h a t  th e  a i r c r a f t  was deep w i th in  th e  
p o la r  cap le a d s  t o  th e  c o n c lu s io n  t h a t  th e  new F - la y e r  echo 
was fro m  th e  e q u a to rw a rd  p o r t io n  o f  th e  p o la r  c a v i t y  F - la y e r .
A c o m p a ris o n  o f  th e  io n o g ra m s  in  F ig u re s  32c and 32j  shows 
th e  la c k  o f  a p o la r  c a v i t y - l i k e  echo  a t  0324 UT even th o u g h  
th e  a i r c r a f t  was more p o le w a rd  o f  th e  s t a t i s t i c a l  a u ro ra l o v a l 
th a n  a t  0535 UT (F ig u re  3 1 b ) .
The F L IZ  is  re c o g n iz e d  on th e  0535 UT ionogram  ( F ig u re  32j )  
as th e  sp re a d  n o n - re ta rd e d  F - la y e r  e c h o . The F LIZ  echo c o n t in u e d  
to  in c re a s e  in  v i r t u a l  ra n g e  u n t i l  0558 UT and th e n  d e c re a s e t 
s t e a d i l y  in  v i r t u a l  ra n g e  th ro u g h  0615 UT. D u r in g  t h i s  p e r io d  
p r i o r  t o  0558  UT, th e  p o ia r  c a v i t y  F - la y e r  echo was d o m in a n t. 
F o l lo w in g  0558 UT, as th e  F L IZ  echo d e c re a se d  in  v i r t u a l  ra n g e , 
th e  c le a r  dom inance ' o f  one  e cho  o v e r  t h e  o th e r  was n o t c le a r  
in  th e  t r a n s i t i o n  zone b e tw een  th e  p o la r  c a v i t y  F - la y e r  and 
th e  F L IZ .
By 0616 UT th e  F L IZ  ech o  had re tu rn e d  t o  a v i r t u a l  h e ig h t  
o f  a b o u t 290 k i lo m e te r s .  The  p o la r  c a v i t y  F - la y e r  e ch o , j u s t  
p r i o r  t o  t h i s  t im e ,  had become s p re a d  and had p a r t i a l l y  merged 
w ith  th e  F L IZ . These io n o g ra m  f e a tu r e s  a re  in te r p r e te d  to  
in d ic a te  t h a t  th e  F L IZ  had re p la c e d  th e  p o la r  c a v i t y  as th e  
d o m in a n t F - la y e r  a t  th e  a i r c r a f t  p o s i t io n .
4 .1 .6  D is c u s s io n
From th e  d a ta  d is c u s s e d  in  th e  s e c t io n s  on m a g n e tic  and .
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a u ro ra l a c t i v i t y  and ionogram  in t e r p r e t a t i o n ,  s e v e ra l r e la t io n s h ip s  
can be e s ta b l is h e d  betw een th e  a u ro ra  and th e  h ig h  la t i t u d e  
F - la y e r .
Even th o u g h  th e  a u ro ra  e x h ib i t e d  r a t h e r  la rg e  la t i t u d e  
s h i f t s ,  a s s o c ia te d  w i th  tw o  m a g n e to s p h e r ic  su b s to rm s  (F ig u re  3 1 b ) , 
th e  e q u a to rw a rd  b o u nda ry  o f  th e  F L IZ  o c c u r re d  w i t h in  a f r a c t io n  
o f  a degree  o f  th e  p o s i t io n  o f  th e  m id d a y  a u ro ra s .  T h is  r e la t io n s h ip  
was o bse rved  on each  o f  th e  f i v e  m id d a y  a u ro ra  e n c o u n te rs .  The 
p r e s e rv a t io n  o f  t h i s  c lo s e  r e la t io n s h ip  in  a d y n a m ic a l s i t u a t io n ,  
such as t h a t  w h ich  o c c u r re d  d u r in g  th e  p e r io d  o f  t h i s  f l i g h t ,  
im p lie s  t h a t  th e  e q u a to rw a rd  b o u n d a ry  o f  th e  F L IZ  moves in  
c o n ju n c t io n  w i th  th e  m e r id io n a l m o t io n s  o f  th e  a u r o r a .
On th e  second p o le w a rd  f l i g h t  le g ,  t h e  a i r c r a f t  passed 
benea th  th e  a u ro ra  and th e  e q u a to rw a rd  b o u n d a ry  o f  th e  FLIZ 
n e a r 73°N CGL. The f l i g h t  c o n t in u e d  p o le w a rd  f o r  a p p ro x im a te ly  
f i v e  d e g re e s , b u t th e  p o la r  c a v i t y  F - la y e r  was n o t o b s e rv e d .
However, th e  a u ro ra  moved p o le w a rd  a t  a c o m p a ra b le  speed to  
t h a t  o f  th e  a i r c r a f t  and was o n ly  1 .5 °  o f  l a t i t u d e  (CGL) e q u a to rw a rd  
o f  th e  a i r c r a f t  a t  th e  f l i g h t  le g 's  te r m in u s .  These o b s e rv a t io n s  
a re  in te r p r e te d  t o  mean t h a t  th e  a i r c r a f t  rem a in e d  beneath  
th e  FL IZ  as i t  s h i f t e d  p o le w a rd  in  phase w i th  th e  p o le w a rd  
m o tio n  o f  th e  a u ro ra .  The c lo s e  r e la t io n s h ip  betw een th e  FLIZ  
and a u ro ra l m o tio n s  is  s u p p o rte d  a ls o  by th e  d a ta  f o r  th e  second 
e q u a to rw a rd  f l i g h t  le g ;  th e  F L IZ  re m a in e d  above th e  a i r c r a f t  
u n t i l  th e  p la n e  passed e q u a to rw a rd  o f  t h e  a u r o r a .
D u rin g  th e  f i n a l  po le w a rd  f l i g h t  le g ,  th e  a u ro ra  was i n i t i a l l y  
m oving  e q u a to rw a rd  (F ig u re  3 1 b ) .  A f t e r  0500 UT th e s e  s e p a ra t iv e
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m o tio n s  o f  th e  a i r c r a f t  and  th e  a u ro ra  r e s u l te d  in  th e  a i r c r a f t  
b e in g  lo c a te d  w e ll  w i t h in  th e  p o la r  c a p . When th e  a i r c r a f t  
was s ix  o r  more deg rees  o f  l a t i t u d e  ( e . g . )  p o le w a rd  o f  th e  
a u ro ra ,  th e  p o la r  c a v i t y  F - la y e r  was o b s e rv e d  (0535 UT, F ig u re  32j ) .  
T h is  o b s e rv a t io n  is  in t e r p r e t e d  t o  mean t h a t  th e  FL IZ  had moved 
e q u a to rw a rd  w ith  th e  a u ro ra  and was s i x  o r  m ore deg rees o f  
la t i t u d e  (COL) in  w id th  n e a r  th e  t im e  o f  th e  maximum de ve lo p m e n t 
o f  th e  0400 UT m a g n e to s p h e r ic  s u b s to rm .
D u r in g  th e  re c o v e ry  phase o f  th e  s u b s to rm , th e  m idday 
a u ro ra s  r e t r e a te d  p o le w a rd  w i th  th e  d e c re a s e  in  th e  j AL| in d e x  
(F ig u re s  31a and 3 1 b ) . F o l lo w in g  th e  tu r n  t o  th e  e a s t a t  0545 UT, 
th e  a i r c r a f t  rem ained a t  a c o n s ta n t  la t i t u d e  (CGL) f o r  15 m in u te s  
th e n  d r i f t e d  s lo w ly  e q u a to rw a rd . D u r in g  t h i s  p e r io d  th e  a u ro ra  
was m oving p o le w a rd . By a b o u t 0616 UT th e  F L IZ  had re p la c e d  
th e  p o la r  c a v i t y  as th e  d o m in a n t F - la y e r .  T h is  means t h a t  th e  
FL IZ  had re c o v e re d  p o le w a rd  in  c o n ju n c t io n  w i th  th e  a u ro ra  
d u r in g  th e  re c o v e ry  phase o f  th e  s u b s to rm . N o te  a ls o  t h a t  
th e  p o le w a rd  bounda ry o f  t h e  F L IZ  was th e n  f o u r  deg rees o f  
la t i t u d e  (CGL) p o le w a rd  o f  th e  a u r o r a .  I t  is  in fe r r e d  fro m  
t h i s  o b s e rv a t io n  t h a t  th e  F L IZ  c o n t ra c te d  in  l a t i t u d in a l  w id th  
as i t  r e t r e a te d  p o le w a rd  d u r in g  th e  re c o v e ry  phase o f  th e  s u b s to rm .
F ig u re  33 sum m arizes th e  p re c e d in g  d is c u s s io n  by i l l u s t r a t i n g  
in  s c h e m a tic  th e  r e la t io n s h ip  betw een th e  F - la y e r  i r r e g u l a r i t y  zone 
and th e  m idday a u ro ra s  d u r in g  a m a g n e to s p h e r ic  su b s to rm .
O g u ti and M arubash i (1 9 6 6 ) s u g g e s te d  t h a t  th e  m idday F - la y e r  
n e a r 75° CGL was due to  io n iz a t io n  by p a r t i c l e  p r e c ip i t a t io n
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th ro u g h  th e  m a g n e tic  n e u t r a l p o in t s  t h a t  a r i s e  in  m a th e m a tic a l 
m ode ls  o f  th e  bou n d a ry  s u r fa c e  o f  th e  m a g n e to s p h e re . F ra n k  
(1 971 ) has shown t h a t  th e  n e u t r a l  p o in ts  a re  in  f a c t  bands 
t h a t  he d e s ig n a te d  'p o la r  c u s p s ' th ro u g h  w h ic h  th e  m agnetosheath  
plasm a has d i r e c t  a cce ss  to  t h e  in n e r  m a g n e to s p h e re . W inningham  
and P ik e  (19 7 2 ) have shown e x c e l le n t  a g re e m e n t betw een p r e c ip i t a t i n g  
p a r t i c i e  m easurem ents th ro u g h  th e  p o la r  cusp  and th e  d a y -s e c to r  
F L IZ  c h a r a c t e r i s t i c s .  T h e re  a p p e a rs  t o  be l i t t l e  d o u b t t h a t  
th e  w in t e r  d a y -s e c to r  F L IZ  is  m a in ta in e d  by io n iz a t io n  from  
p a r t i c l e  p r e c ip i t a t i o n  th ro u g h  th e  p o la r  c u s p s .
F ra n k  (1 9 7 1 ) has s u g g e s te d  t h a t  d u r in g  r e l a t i v e  m a g n e tic  
d is tu rb a n c e  t h a t  th e  p o la r  cusp  moves t o  lo w e r la t i t u d e  and 
is  n o t accom pan ied  by a la rg e  in c re a s e  in  cusp  w id th  ( le s s  
th a n  o r  equa l t o  a f a c t o r  o f  a p p ro x im a te ly  tw o ) .  P o la r  cusp 
d a ta  fro m  Ogo 5 w ere re p o r te d  by R u s s e ll e t  a I . (1 9 7 ! )  f o r  th e  
g r e a t  w o r ld -w id e  m a g n e tic  s to rm  o f  Novem ber I ,  1968. T h e ir  
d a ta  show t h a t  th e  p o la r  cusp  moved e q u a to rw a rd  t o  a b o u t 66°
in v a r ia n t  l a t i t u d e  d u r in g  a v e ry  la rg e  s u b s to rm  (2500 gamma
n e g a t iv e  bay a t  C o l le g e ) .  The io n o s p h e r ic  d a ta  d is c u s s e d  in  
t h i s  s e c t io n  i n d i r e c t l y  c o n f i r m  F ra n k 's  (1 9 7 1 ) o b s e rv a t io n s  
and e x te n d  f u r t h e r  th e  w o rk  o f  R ussel I e t  a I . (1 9 7 1 ) t o  s u g g e s t 
a c lo s e  r e la t io n s h ip  betw een p o la r  cusp  m o t io n s  and w id th  and 
m a g n e to s p h e r ic  s u b s to rm  p h a se .
4 .1 .7  Summary
H igh  l a t i t u d e  io n o s p h e r ic  d a ta  fro m  an a i r c r a f t  b o rne  ion o so n d e
have been com bined w i th  a u r o r a l  and m a g n e tic  re c o rd s  t o  a r r i v e  a t
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th e  f o l lo w in g  c o n c lu s io n s :
1. D u r in g  a m a g n e to s p h e r ic  s u b s to rm , t h e  w in t e r  d a y - s e c to r  
F - la y e r  d is tu r b a n c e  zone  (F L IZ )  e x h ib i t s  m e r id io n a l m o t io n s  in  c lo s e  
a s s o c ia t io n  w i th  th o s e  o f  th e  d a y - s e c to r  a u r o r a s .  The F L IZ
moves e q u a to rw a rd  d u r in g  th e  e x p a n s iv e  phase  o f  th e  s u b s to rm  
and p o le w a rd  d u r in g  th e  r e c o v e ry  p h a s e . _
2 .  The e q u a to rw a rd  b o u n d a ry  o f  t h e  d a y - s e c to r  F L IZ  c o rre s p o n d s  
t o  t h a t  o f  th e  d a y - s e c to r  a u ro ra s  t o  w i t h in  a f r a c t i o n  o f  a
d e g re e  o f  l a t i t u d e  in d e p e n d e n t o f  a u r o r a l  m o t io n s  o r  s u b s to rm  
p h a s e .
3 .  The w id th  o f  t h e  d a y - s e c to r  F L IZ  in c re a s e s  by s e v e ra l ' 
d e g re e s  o f  l a t i t u d e  d u r in g  th e  e x p a n s iv e  phase o f  a m a g n e to s p h e r ic  
s u b s to rm . .
4 .  The s p a t ia l  c h a r a c t e r i s t i c s  o f  th e  F L IZ  d u r in g  a m a g n e to s p h e r ic  
s u b s to rm  s u g g e s ts  t h a t  a c lo s e  r e la t i o n s h ip  o u g h t t o  e x i s t
be tw een p o ia r  cusp  m o t io n s  and w id th s  and su b s to rm  p h a se .
5 .  A ls o  i l l u s t r a t e d  a re  th e  a d v a n ta g e s  o f  c o n s id e r in g  
io n o s p h e r ic  d a ta  j o i n t l y  w i t h  a u r o r a l  and m a g n e tic  d a ta  f o r  
th e  p ro p e r  i n t e r p r e t a t i o n  and u n d e rs ta n d in g  o f  h ig h  l a t i t u d e  
F - la y e r  phenomena.
4 .2  MIDDAY AURORAL PATCHES AND RELATED IONOSPHERIC PHENOMENA 
A u ro ra l d is p la y s  d u r in g  a u r o r a l  s u b s to rm s  have now been 
w e ll  docum ented in  th e  n ig h t  s e c t o r  ( c f . A k a s o fu  1 9 6 8 ), b u t  
n o t  in  th e  day s e c t o r ,  p a r t i c u l a r l y  in  th e  m idday  s e c t o r .  F e ld s te in  
and S ta rk o v  (1 9 6 7 ) r e p o r te d  t h a t  a u r o r a s  a lo n g  th e  a u r o r a l  o v a l 
a re  a c t iv a te d  a b o u t h a l f  an h o u r a f t e r  t h e  o n s e t  o f  an a u r o r a l
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su b s to rm  in  th e  m id n ig h t  s e c t o r .  A k a s o fu  (1 9 7 2 a , b) re p o r te d  
t h a t  th e  m idday p a r t  o f  th e  o v a l s h i f t s  e q u a to rw a rd  d u r in g  
an e a r ly  chase  o f  s u b s to rm s  and r e tu r n s  t o  th e  p re -s u b s to rm  
lo c a t io n  d u r in g  a l a t e r  phase c f  s u b s to rm s .
R io m e te r s tu d ie s  o f  a u r o r a l  s u b s to rm s  show t h a t  an in te n s e  
p r e c ip i t a t i o n  zone d e v e lo p s  a lo n g  th e  m o rn in g  s id e  o f  th e  a u ro ra l 
zone fro m  th e  m id n ig h t  s e c to r  to w a rd  th e  day s e c to r  (cf_. H a r tz  
and B r ic e ,  1 9 6 7 ). In  th e  d a rk  s e c to r ,  t h i s  p r e c ip i t a t io n  zone 
c o in c id e s  w i th  th e  re g io n  w here  p a tc h y  a u r o r a l  fo rm s  de ve lo p  
and d r i f t  e a s tw a rd .
I t  is  known t h a t  t h i s  in te n s e  p r e c ip i t a t i o n  zone e x te n d s  
t o  th e  m idday  s e c to r  and even b e yo n d . I t  is  th u s  o f  g r e a t  
i n t e r e s t  t o  exam ine  w h e th e r  a u r o r a l  p a tc h e s  can  be observed 
in  th e  m idday  s e c to r  d u r in g  a u r o r a l  s u b s to rm s . In  th e  n o r th e rn  
he m is p h e re , such  an o b s e r v a t io n  can  be made fro m  o n ly  a v e ry  
l im i t e d  r e g io n  o f  th e  p o la r  r e g io n ,  s in c e  d a y l ig h t  te n d s  to  
o b s c u re  m idday a u r o r a l  d is p la y s  (c f_ . F ig u re  2 0 ) .
F o r tu n a te ly ,  th e  fo r m a t io n  o f  th e  p a tc h y  a u ro ra l s t r u c t u r e  
w e ll  e q u a to rw a rd  o f  t h e  o v a l in  t h e  m id d a y  s e c to r  was c o n firm e d  
by an a i r c r a f t  o b s e r v a t io n  on Decem ber 9 , 1969. An a irb o rn e  
io n o s p h e r ic  s o u n d e r and A s ia n  s e c to r  r io m e te r  d a ta  in d ic a te d  
th e  s im u lta n e o u s  a b s o rp t io n  e v e n t ,  s u b s t a n t ia t in g  th e  p r e c ip i t a t io n  
and th e  a s s o c ia te d  io n iz a t io n  in  th e  lo w e r  io n o s p h e re . In th e  
f o l lo w in g ,  th e  o b s e r v a t io n s  w i l l  be d e s c r ib e d .
D u r in g  December 1969 th e  F ly in g  Io n o s p h e r ic  L a b o ra to ry ,  
an NKC-135 j e t  a i r c r a f t  o f  t h e  A i r  F o rc e  C am bridge  Research 
L a b o r a to r ie s ,  made a s e r ie s  o f  f l i g h t s  t o  exam ine  th e  m idday
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a u r o r a l o v a l .  D u r in g  th e  f l i g h t  o f  December 9 , a s in g le  p o la r  
m a g n e tic  s u b s to rm  o c c u rre d  d u r in g  an o th e rw is e  m a g n e t ic a l ly  
q u ie t  p e r io d  (F ig u re  3 4 ) .  The a i r c r a f t ,  in s tru m e n te d  w i th  an 
a l l - s k y  cam era , an io n o s o n d e , and s e v e ra l p h o to m e te rs , passed 
be n ea th  th e  mi-Jday a u r o r a l o v a l d u r in g  th e  e a r ly  e x p a n s iv e  and 
th e  la te  re c o v e ry  phases o f  th e  p o la r  m a g n e tic  su b s to rm s  t h a t  
began a b o u t 0230 UT ( F ig u re  3 5 ) .
D i f f u s e  a u ro ra l p a tc h e s  w ere o b se rve d  w e ll  e q u a to rw a rd  
o f  th e  d is c r e t e  a u ro ra l o v a l fro m  a b o u t 0420 t o  0600 UT (F ig u re  2 6 ) .  
T w i l ig h t  p re v e n te d  d e f i n i t i v e  o b s e rv a t io n s  d u r in g  th e  p e r io d  
0510 t o - 0530 UT. The p re se n ce  o f  a u ro ra l p a tc h e s  ne a r th e  
s o u th e rn  h o r iz o n  can be in fe r r e d  bo th  b e fo re  and a f t e r  0420 
and 0600 UT r e s p e c t iv e ly ;  how eve r, p r e c is e  i n t e r p r e t a t io n  fro m  
a s in g le  a l l - s k y  arnera p h o to g ra p h  is  d i f f i c u l t  because o f  
th e  g r e a t  d is ta n c e  t o  th e s e  a u .o ra s .
A d e ta i le d  e x a m in a t io n  o f  th e  a l l - s k y  camera p h o to g ra p h s  
fro m  th e  o th e r  m idday o v a l f l i g h t s  re v e a ls  t h a t  th e  a u ro ra l 
p a tc h e s  o c c u r  o n ly  in  a s s o c ia t io n  w ith  p o la r  m a g n e tic  s u b s to rm s . 
A u ro ra  I zone m agnetogram s fro m  th e  n ig h t  s e c to r  f o r  th e  0230 UT 
s u b s to rm  on December 9 show t h a t  th e  su b s to rm  ended a b o u t 
0400 UT ( F ig u r e  3 4 ) .  The c h a r a c te r  o f  th e  d is c r e te  a u ro ra s  
o f  th e  m idday o v a l a t  th e  0406 UT c ro s s in g  is  c o n s is te n t  w i th  
th e  F e ld s te in  and S ta rk o v  (19 6 7 ) s c h e m a tic  o f  th e  re c o v e ry  phase 
o f  th e  m idday a u r o r a l s u b s to rm . N e v e r th e le s s ,  a t  th e  0406 UT 
c r o s s in g  a lu m in o u s  g lo w  was p re s e n t on th e  s o u th e rn  h o r iz o n .
T h is  g lo w  c a n n o t be t o t a l l y  t w i l i g h t  as th e  e a r t h 's  shadow 
h e ig h t  a t  th e  a l l - s k y  cam era h o r iz o n  was a b o u t 170 k i lo m e te r s .
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By 0420 UT th e  a i r c r a f t  had a p p ro a ch e d  c lo s e  enough to  th e
g lo w  t o  o b s e rv e  t h a t  th e  lu m in o s i ty  was due t o  d i f f u s e  a u ro ra l '
p a tc h e s .
By 0435 UT th e  a s p e c t s e n s i t i v e  a u r o r a l  p a tc h e s  w ere  o b se rved  
on a l l  h o r iz o n s ,  and by 0500 UT th e  p a tc h e s  c o v e re d  th e  e n t i r e  
s k y .  The p a tc h e s  appea red  in  th e  z e n i th  n e a r 73 ° c o r r e c te d  g e om agne tic  
la T i tu d e  and - in re e  t o  l i v e  d e g re e s  o f  l a t i t u d e  s o u th  o f  th e  
m idday  a u ro ra l o v a l .  On th e  so u th b o u n d  le g  o f  th e  f l i g h t ,  
t w i l i g h t  in t e r f e r e d  w i th  th e  o b s e r v a t io n s  a f t e r  0510 UT. A f t e r  
th e  a i r c r a f t  tu rn e d  t o  a p o le w a rd  h e a d in g  a t  0519 UT, th e  sequence 
o f  o b s e rv a t io n s  seen on th e  s o u th b o u n d  le g  was re p e a te d  in  
re v e rs e .  F ig u re  37 p re s e n ts  p h o to g ra p h ic  e v id e n c e  o f  th e  m idday 
a u r o r a l  p a tc h e s  o b s e rv e d  a t  0445 UT. A p h o to g ra p h  fro m  th e  
m a g n e t ic a l ly  q u ie t  f l i g h t  o f  December 14, 1969 is  shown f o r  
co m p a riso n  so t h a t  th e  p a tc h e s  o f  a u r o r a l  lu m in o s i t y  can be 
more e a s i l y  r e c o g n iz e d . The c o m p a ra t iv e  p h o to g ra p h  fro m  December 14 
was ta k e n  a t  a p p ro x im a te ly  th e  same lo c a l m a g n e tic  t im e  and 
w ith  th e  same z e n i th  shadow h e ig h t .
R io m e te r d a ta  fro m  th e  R u s s ia n  d a y - s e c to r  and fro m  th e  
a i r c r a f t  io n o so n d e  in d ic a te  c o n c lu s iv e ly  t h a t  th e  a u r o r a l  pa tch e s  
o c c u r re d  w i t h in  th e  h a rd  p r e c ip i t a t i o n  zone e q u a to rw a rd  o f  
th e  d is c r e t e  m idday  a u ro ra s .  F ig u re  38 shows th e  r e la t io n s ,  
in  l a t i t u d e ,  U n iv e rs a l t im e ,  and lo c a l m a g n e tic  t im e  (CGLT) 
betw een th e  c o r r e la t i v e  d a ta  t h a t  p e r t a in  t o  th e  o b s e rv a t io n s  
o f  th e  m idday a u r o r a l p a tc h e s . N o t ic e  t h a t  th e  r io m e te r  a b s o rp t io n  
was m in im a l in  th e  e a r ly  a f te r n o o n  s e c to r  p o le w a rd  o f  th e  d is c r e te  
m idday a u ro ra s .  H ow ever, in  an a p p ro x im a te  te n  d e g re e  w ide
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band e q u a to rw a rd  o f  th e  a u ro ra l o v a l ,  s i g n i f i c a n t  r io m e te r
a b s o rp t io n  was o b s e rv e d  in  th e  m o rn in g  and th e  m idday  s e c to r s .
F ig u re  39 is  a p lo t  o f  th e  minimum f re q u e n c y  ^ mj n  ^ 0400 anci
0615 UT. The g e n e ra ! in c re a s e d  v a lu e  o f  f  . and th e  o c c a s io n a l 
a mi n
t o t a l  b la c k o u ts  in d ic a te  a b s o rp t io n  and c o rre s p o n d  t o  th e  t im e
p e r io d  d u r in g  w h ich  th e  a u ro ra l p a tc h e s  w e re  o b s e rv e d . S in c e
th e  iono so n d e  and th e  r io m e te r  o b s e rv e  a la rg e  p o r t io n  o f  th e
s k y , th e  v a r ia t io n s  i n f .  and th e  r io m e te r  a b s o r p t io n  a re  ' , m in  r
e v id e n c e  f o r  a te m p o ra l v a r ia t io n  in  th e  p a r t i c l e  p r e c ip i t a t i o n  
in t o  th e  ha rd  z o n e . '
B e rkey  (1 9 7 1 ) docum ents p h o t o m e t r ic a l ly ,  fro m  C o l le g e ,
A la s k a  d a ta ,  s e v e ra l o c c u rre n c e s  o f  m id - a f te r n o o n  t w i l i g h t  
p u ls a t io n s  in  N2+ , 4278A, and r e la te s  th e s e  p u ls a t io n s  t o  in te n s e  
a f te rn o o n  a b s o rp t io n  e v e n ts  as o b s e rv e d  by r io m e te r .  O f th e  
th r e e  e v e n ts  s tu d ie d  by B e rk e y , a l l - s k y  cam era p h o to g ra p h s  w ere  
a v a i la b le  f o r  one e v e n t; weak e q u a to rw a rd  d r i f t i n g  a r c  segm ents 
were ob se rve d  and B erkey c o n c lu d e d  t h a t  th e s e  a u r o r a l  fo rm s  w ere  
s im i l a r  t o  th e  dusk  s e c to r  p a tc h e s  seen by M o n tb r ia n d  (1 9 6 9 ) .
I t  is  q u i te  l i k e l y  t h a t  th e  fo rm a t io n  o f  p a tc h y  a u ro ra s  
in  th e  m idday s e c to r  is  a s s o c ia te d  w ith  t h e  d r i f t  m o tio n  o f  
e n e r g e t ic  e le c t r o n s  (cf_. L e z n ia k  and W in c k le r ,  1970) and t h e i r  
su b se q u e n t p r e c ip i t a t io n  ( c f .  H offm an and B e rk o , 1 9 7 1 ).
4 .3  THE NIGHT SECTOR IONOSPHERE DURING MAGNETOSPHERIC SUBSTORMS
4 .3 .1  I n t r o d u c t io n
As no te d  in  th e  in t r o d u c to r y  s e c t io n  o f  C h a p te r  3 , t h e r e  
have been d i f f i c u l t i e s  in  o r d e r in g  h ig h  l a t i t u d e  io n o s p h e r ic  
d a ta  o b ta in e d  fro m  g round io n o so n d e s . D u r in g  th e  p a s t  de ca d e ,
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s a t e l l i t e  and a i r c r a f t - b o r n e  io n o s p h e r ic  o b s e r v a to r ie s  have  
p r o v id e d  th e  n e c e s s a ry  d a ta  t o  i d e n t i f y  m a c ro s c a le  io n o s p h e r ic  
p a t te r n s  and t o  d e m o n s tra te  th e  v a l i d i t y  o f  o r d e r in g  h ig h  la t i t u d e  
io n o s p h e r ic  d a ta  r e l a t i v e  t o  th e  a u r o r a !  o v a l (s e e  f o r  exam p le  
Thomas and A ndrew s, 1969 and Buchau e t  a I . ,  1 9 7 2 ) . T hese  r e c e n t  
ad va n ce s  com bined w i th  th e  m a g n e to q u ie t  i n v e s t ig a t io n s  p re s e n te d  
in  C h a p te r  3 , as w e l l  as p re v io u s  s tu d ie s  such  as  th o s e  o f  
B u rk a rd  (1 9 4 8 ) ,  Meek (1 9 5 3 , 1 9 5 4 ), B e l 3cha m b e rs  e t  a l . (1 9 6 2 ) ,  
S ta n le y  (19 6 6 ) and Bowman (1 9 6 9 ) ,  p r o v id e  a b a se  o f  k n o w le d g e  
f o r  a r e c o n s id e r a t io n  o f  g ro u n d  io n o s o n d e  d a ta .
The m ain p u rp o s e  o f  t h i s  s e c t io n  i s  t o  p r e s e n t  o b s e r v a t io n a l  
e v id e n c e  t o  in d ic a te  t h a t  a b e t t e r  u n d e r s ta n d in g  o f  h ig h  l a t i t u d e  
io n o s p h e r ic  phenomena in  th e  w in t e r  n i g h t  s e c t o r  r e s u l t s  f r o m , 
a s tu d y  o f  g round  io n o so n d e  d a ta  w i t h in  th e  f ra m e w o rk  o f  th e  
m a g n e to s p h e r ic  s u b s to rm .
The io n o s p h e r ic  d a ta  base  f o r  th e s e  s t u d ie s  in c lu d e d  c o p ie s  
o f  th e  o r i g i n a l  io n o g ra m s  re c o rd e d  a t  A l la k a k e t  (6 5 .6 ° N  CG L), 
C o lle g e  (6 4 .9 °N  C G L), and A n ch o ra g e  (6 0 .8 ° N  CGL) d u r in g  th e  
f a l l  and w in te r  o f  1965 -  1966. F o u r n ig h t s  w e re  s e le c te d  f o r  
d e t a i le d  in v e s t ig a t io n :  Decem ber 5 , 1965, J a n u a ry  2 and 18 
and M arch 3 , 1966. D ata  f o r  t h e  th r e e  io n o s o n d e  s t a t i o n s  w ere  
a v a i la b le  f o r  o n ly  Decem ber 4 , 1965.
These  fo u r  n ig h t s  w e re  s e le c te d  b e ca u se  th e  F - la y e r  io n o g ra m  
d a ta  i l l u s t r a t e d  c l e a r l y  th e  ’ r e p la c e m e n t - la y e r ’ ( e q u a to rw a rd  
d is p la c e m e n t  o f  th e  p o le w a rd  t ro u g h  w a l l )  phenom enon n o te d  
by B e l I cham bers e t  a I . (1 9 6 2 ) as w e ll  as  in  e a r l i e r  s tu d ie s
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by B u rk a rd  ( !9 4 S ) and Meek (1 9 5 3 , 1 9 5 4 ). T h e re  w ere  a is o  in t e r e s t in g  
E - re g io n  c h a r a c t e r i s t i c s  t h a t  re p re s e n t  s i g n i f i c a n t  d e p a r tu re s  
f ro m  th e  m a g n e to q u ie t p a t te r n s  i l l u s t r a t e d  in  F ig u re  2 5 b .
F o r th e  pu rp o se s  o f  t h i s  d is c u s s io n ,  d is tu r b a n c e s  a re  
d e f in e d  as d e v ia t io n s  fro m  th e  q u ie t  c o n d i t io n s .  The m a jo r  
m a g n e to q u ie t  fe a tu re s  o f  th e  n ig h t  s e c to r  s u b a u ro ra l io n o s p h e re  
w i l l  be re v ie w e d  as th e y  p e r ta in  t o  th e  s u b s to rm - t im e  v a r ia t io n s  
t o  be d is c u s s e d  l a t e r .
An e x a m in a tio n  o f  F ig u re  25b r e v e a ls  f o r  th e  m a g n e to q u ie t 
n ig h t  s e c to r ,  a t  la t i t u d e s  o f  'vSO0 t o  65° CGL, t h a t  few  E - re g io n  
io n o g ra m  echoes w ere  o b s e rv e d  above th e  tw o  m e g a h e rtz  low  fre q u e n c y  
c u t o f f  o f  th e  a irb o r n e  io n o s o n d e . Thus E - r e g io n  echoes above 
tw o  m e g a h e rtz  w ou ld  in d ic a t e  a d e p a r tu re  fro m  m a g n e to q u ie t 
c o n d i t io n s .
The F 2 - la y e r  d a ta  p re s e n te d  f o r  m a g n e to q u ie t  c o n d i t io n s  
(F ig u r e s  26 and 28) show t h a t  a s t a t io n  a t  a l a t i t u d e  o f  ^ 6 0 °  
t o  6 5 ° CGL is  benea th  th e  m ain t r o u g h  f o r  m o s t o f  th e  n ig h t  •
s e c to r  p e r io d .  F - la y e r  c r i t i c a l  f r e q u e n c ie s  a t  th e s e  la t i t u d e s  
in  th e  n ig h t  s e c to r  a re  t y p i c a l l y  one t o  tw o  m e g a h e rtz  d u r in g  
m a g n e to q u ie t  p e r io d s .  Y e t n o te  t h a t  th e  p o le w a rd  t r o u g h  w a ll 
w i t h  h ig h e r  c r i t i c a l  f r e q u e n c ie s  o c c u rs  d u r in g  m a g n e to q u ie t 
a t  a p p ro x im a te ly  67° CGL. Thus a sm31 I e q u a to rw a rd  d is p la c e m e n t 
o f  t h e  p o le w a rd  t ro u g h  w a ll  w o u ld  r e s u l t  in  an in c re a s e  in  
th e  F - la y e r  c r i t i c a l  f r e q u e n c ie s  a t  A l la k a k e t  and C o lle g e  and 
i n d ic a t e  a d e p a r tu re  fro m  m a g n e to q u ie t c o n d i t io n s .
4 . 3 . 2  D ata  P r e s e n ta t io n
The io n o s p h e r ic  d a ta  have been s c a le d  and a re  p re s e n te d
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in  F ig u re s  40, 4 3 , 43 and 47 as p a r t i a l  f - p i o t s  (s e e  Beynon 
and Brown, 1957, p . 132 f o r  a d is c u s s io n  o f  f - p l o t s ) .  The 
ty p e  o *  s p o ra d ic  E is  n o t in d ic a te d  on th e  f - p l o t  r e s u l t s .
I f  t h e r e  a re  d a ta  f o r  b o th  th e  E and th e  F - re g io n s  a t  c o m p a ra b le  
f r e q u e n c ie s  and t im e s ,  l e t t e r s  a re  used (E and F) t o  i d e n t i f y  
on th e  f - p l o t  th e  io n o s p h e r ic  re g io n  t h a t  p a r t i c u l a r  d a ta  r e f e r  
t o .
In te g ra !  p a r ts  o f  th e  t o t a l  d a ta  base  a re  th e  c o r r e la t i v e  
m a g n e t ic ,  a u ro ra l and r io m e te r  a b s o rp t io n  d a ta  t h a t  fo rm  th e  
b a s is  f o r  th e  d is c u s s io n  o f  th e  h ig h  la t i . tu d e  io n o s p h e r ic  d is tu rb a n c e s  
w i t h in  th e  c o n c e p t o f  th e  m a g n e to s p h e r ic  s u b s to rm . R e p re s e n ta t iv e ,  
r a t h e r  th a n  c o m p re h e n s iv e , c o r r e la t i v e  d a ta  a re  p re s e n te d .
R io m e te r d a ta , r e p r e s e n ta t iv e  io n o g ra m s , and c o r re s p o n d in g  
a l l - s k y  camera p h o to g ra p h s  a re  p re s e n te d  f o r  th e  December 4 ,
1965 d is tu rb a n c e  t o  i l l u s t r a t e  by exam pie  th e  r e la t io n s h ip s  
t h a t  e x i s t  between th e  v a r io u s  d a ta  t y p e s .  Even th o u g h  a u r o r a l 
zone m agnetogram s have l im i t a t i o n s  f o r  th e  d e ta i ' le d  s tu d y  o f  
c e r t a in  subs to rm  phenomena (se e  C h a p te r 2 ) ,  t h e  m a g n e tic  re c o rd s  
fo rm  a r e l ia b le  and r e a d i l y  a v a i la b le  d a ta  base f o r  th e  d e te rm in a t io n  
o f  su b s to rm  o c c u r re n c e s . F o r t h i s  re a s o n , th e  m a g n e tic  H com ponent 
r e c o rd s  f o r  th e  n ig h t  s e c to r  a u ro ra l zone o b s e r v a to r ie s  a re  
p re s e n te d  f o r  each p e r io d  s tu d ie d .
4 .3 .3  D is c u s s io n  o f  th e  O bserved Io n o s p h e r ic  V a r ia t io n s
The purpose  o f  t h i s  s e c t io n  is  t o  c o n s id e r  th e  ob se rve d  
io n o s p h e r ic  v a r ia t io n s  j o i n t l y  w ith  d a ta  t h a t  a re  a c c e p te d  
as d e f in in g  th e  o c c u r re n c e  o f  m a g n e to s p h e r ic  s u b s to rm s . Each 
n ig h t  s tu d ie d  w i l l  be d is c u s s e d  s e p a r a te ly  in  a f o l lo w in g  s u b s e c t io n .
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Each s u b s e c t io n  w i l l  f i r s t  i d e n t i f y  th e  s u b s to rm  o c c u r re n c e s  
and w i l l  th e n  d is c u s s  th e  r e la te d  io n o s p h e r ic  v a r i a t i o n s .
4 . 3 . 3 . I December 4, 1965
. R e fe re n c e  t o  F ig u re s  40 and 41 r e v e a ls  t h a t  tw o  m a jo r  
p o la r  m a g n e tic  su b s to rm s  o c c u r re d  d u r in g  th e  p e r io d  s tu d ie d .
The f i r s t  su b s to rm  a t ta in e d  a maximum d e v e lo p m e n t a t  a p p ro x im a te ly  
1250 UT unci th e  second a t  a p p ro x im a te ly  i625  UT. The p e r io d  
fro m  0700 UT to  a p p ro x im a te ly  1030 UT was a t im e  o f  g e n e ra l 
m a g n e to q u ie t .  I t  is  no te d  t h a t  w h ile  no s i g n i f i c a n t  m a g n e tic  
a c t i v i t y  was re co rd e d  in  th e  A la s k a n  (m id n ig h t )  s e c to r  p r i o r  
t o  M l  15 UT, a weak n e g a t iv e  bay was o b se rve d  t o  b e g in  a t  M030.
UT in  th e  m o rn in g  s e c to r  ( F o r t  C h u r c h i l l ,  F ig u re  4 1 ) .  P o s i t iv e  
bays w ere a ls o  o b se rve d  t o  b e g in  a b o u t th e  same t im e  a t  Cape 
C h e ly u s k in ,  D ixon  and H e is s  Is la n d  in  th e  la te  a f te r n o o n  s e c to r  
( F ig u r e  4 1 ) .
A s u rv e y  o f  a l l - s k y  cam era d a ta  re v e a le d  t h a t  th e  n ig h t  
s e c to r  a u ro ra l o v a l, was c o n t ra c te d  f a r  p o le w a rd  d u r in g  t h i s  
m a g n e to q u ie t p e r io d .  Ova! a l ig n e d  a u ro ra l a r c s  w e re  o b s e rv e d  
n e a r th e  M ould Bay z e n i th  (8 0 .9 °N  CGL) betw een a p p ro x im a te ly  
0715 and 0900 UT. Between 1055 and 1115 UT an e q u a to rw a rd  m ov ing  
a r c  c ro s s e d  th e  M ould Bay z e n i t h .  A u ro ra s  w ere  n o t  o b s e rv e d  
w i t h in  th e  C o lle g e  f i e l d - o f - v i e w  u n t i l  1030 UT when an a u r o r a l 
a r c  was a ls o  o b se rve d  m ov ing  e q u a to rw a rd  th ro u g h  th e  B a rrow  
z e n i t h .  The o n s e t o f  th e  a u r o r a l s u b s to rm  was o b s e rv e d  t o  
o c c u r  in  th e  A la ska n  s e c to r  a t  1115 UT as th e  sudden b r ig h te n in g  
o f  a ra y e d  a rc  (F ig u re  4 2 ) .
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The Col lege  ionosonde  was o p e ra te d  a t  a re d u ce d  g a in  f o r  
t h i s  e n t i r e  n ig h t .  Numerous b la c k o u t  c o n d i t io n s  o b s e rv e d  a t  
C o lle g e  w ere n o t  c o n firm e d  by th e  h ig h e r  q u a l i t y  A l la k a k e t  
io n osonde  d a ta .  For t h i s  re a s o n , o n ly  th e  A l la k a k e t  f - p l o t  
is  shown in  F ig u re  40 ; h ow eve r, F ig u re  42 shows t h a t  when C o lle g e  
io n osonde  d a ta  were a v a i la b le  th e y  w ere  co m p a ra b le  in  c h a r a c te r  
t o  th e  h ig h e r  g a in  ionogram s fro m  A l la k a k e t .
N o te  fro m  th e  A l la k a k e t  f - p l o t  (F ig u re  4 0 ) t h a t  th e  to p  
fre q u e n c y  o f  s p o ra d ic  E in c re a s e d  above tw o  m e g a h e rtz  a t  a b o u t 
1045 UT -  some 30 m in u te s  b e fo re  th e  A la s k a n  s e c to r  o n s e t  o f  
th e  a u r o r a l s u b s to rm . In  f a c t ,  th e  b la n k e t in g  fre q u e n c y  o f  
s p o ra d ic "E  ( fb E s )  began t o  in c re a s e  a t  a p p ro x im a te ly  0930 UT -  
a lm o s t one h o u r p r i o r  t o  any m agnetogram  in d ic a t io n  o f  s u b s to rm  
a c t i v i t y  (F ig u re s  40 and 4 1 ) .  The b la n k e t in g  f re q u e n c y  o f  
s p o ra d ic  E is  th e  lo w e s t f re q u e n c y  a t  w h ich  io n o s o n d e  echoes 
fro m  h ig h e r  la y e rs  a re  re c e iv e d  th ro u g h  th e  Es la y e r .  (See 
Reddy (1968 ) f o r  a -d is c u s s io n  o f  th e  p h y s ic a l s i g n i f i c a n c e  o f  
fb E s ) .
A ls o  d u r in g  t h i s  ' p re -s u b s to rm ’ p e r io d  t h e  c r i t i c a l  f re q u e n c y  
o f  th e  a u r o r a l  E - la y e r  in c re a s e d  s l i g h t l y  p r i o r  t o  c o m p le te  
b la n k e t in g  a f t e r  1000 UT by th e  lo w e r v i r t u a l  h e ig h t 'E s .  F ig u re  
42b shows t h a t  s p o ra d ic  E o f  g r e a te r  th a n  tw o  m e g a h e rtz  to p  
fre q u e n c y  d e ve loped  a t  A ncho rage  p r i o r  t o  th e  s u b s to rm  as w e ll  
as a t  A l la k a k e t  and C o lle g e .  The l a t t e r  tw o  s t a t io n s  showed 
re ta rd e d  ty p e  Es w h ile  a n o n - re ta rd e d  ty p e  was o b s e rv e d  a t  
A n c h o ra g e . '
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A t 1130 UT th e  f i r s t  e v id e n c e  f o r  t h e  ’ r e p la c e m e n t - la y e r ’ 
echo  was o b se rve d  on th e  A l la k a k e t  io n o g ra m s . .  T h is  echo  showed 
a c r i t i c a l  f re q u e n c y  o f  f i v e  m e g a h e rtz  b u t  was a m id s t  a n o th e r  
F - r e g io n  echo t h a t  was n o t seen on p r i o r  o r  f o l lo w in g  io n o g ra m s .
I t  is  im p o r ta n t  t o  n o te  t h a t  t h e  A ! la k a k e t  F - la y e r  c r i t i c a l  
f r e q u e n c ie s  d u r in g  th e  e a r ly  phase o f  t h e  s u b s to rm  w ere  r e p r e s e n ta t iv e  
n o t o f  t r ie  m ain t r o u g h  b u t r a t h e r  o f  th e  p la te a u  in  th e  F - la y e r  
c r i t i c a l  f r e q u e n c ie s  n o r th  o f  th e  p o le w a rd  t r o u g h  w a l l .  The 
1205 UT A l la k a k e t io n o g ra m  shows a m u l t i p l e  o f  th e  new h ig h e r  
c r i t i c a l  fre q u e n c y  F - la y e r  ( F ig u r e  4 2 ) .  The  A n ch o ra g e  io n o g ra m  
f o r  1200 UT re c o rd e d  an o b l iq u e  F - la y e r  e ch o  n e a r  400 k i lo m e te r s  
and be tw een th r e e  and f o u r  m e g a h e rtz  to p  f r e q u e n c y .  The d e c re a s e  
in  th e  v i r t u a l  ra n g e  o f  th e  A n ch o ra g e  F - la y e r  ech o  t o  300 k i lo m e te r s  
a t  14 0 0 -UT com bined w ith  th e  h ig h e r  c r i t i c a l  f re q u e n c y  F-1 a v e rs  
o b s e rv e d  a t  A l la k a k e t  and C o lie g e  le a d  t o  th e  c o n c lu s io n  t h a t  
th e  p o le w a rd  tr o u g h  w a ll  was d is p la c e d  e q u a to rw a rd  fro m  ^ 6 7 °
CGL t o  ^ 6 2 °  CGL d u r in g  th e  e a r ly  phase  o f  th e  s u b s to rm . Between 
1400 and 1500 UT, th e  weak p o le w a rd  t r o u g h  w a l l  e c h o , o b s e rv e d  
a t  A n ch o ra g e , in c re a s e d  in  v i r t u a l  ra n g e  a s  th e  a u ro ra s  r e t r e a te d  
p o le w a rd  (F ig u re s  4 2 f ,  g and h ) .  D u r in g  th e  same p e r io d ,  b o th  
th e  A l la k a k e t  and th e  C o lle g e  io n o g ra m s  in d ic a te d  a s lo w  d ecay  
o f  th e  F - la y e r  c r i t i c a l  f r e q u e n c ie s  ( F ig u r e s  40 and 4 2 f ,  g and 
h ) .
The n e x t m a jo r  s u b s to rm  was a cco m p a n ie d  by an in te n s e  
d is p la y  o f  a u ro ra l p a tc h e s  and in c re a s e d  D - r e g io n  n o n - d e v ia t iv e  
a b s o r p t io n  (F ig u r e s  40 and 4 2 k ) .  D u r in g  t h i s  second  s u b s to rm ,
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th e  A n ch o ra g e  and C o ! le g e  io n o s o n d e s  re c o rd e d  no io n o s p h e r ic  
echoes w h i le  th e  A l la k a k e t  io n o g ra m s  showed r a t h e r  c le a r  exam ples 
o f  E s-d  (F ig u re  4 0 k ) .  W ith  t w i l i g h t  and th e  re c o v e ry  o f  th e  
su b s to rm  by 1900 UT, th e  norm al s o la r  p ro d u ce d  F - la y e r  was o b se rve d  
a t  a l i  th r e e  s t a t io n s .
4 . 3 . 3 . 2  J a n u a ry  2, 1966
Two p o la r  m a g n e tic  s u b s to rm s  o c c u r re d  d u r in g  t h e  p e r io d  
o f  0700 t o  1700 UT. The f i r s t  s u b s to rm  is  seen b e s t  in  th e  
F o r t  C h u r c h i l l  m agnetogram  ( F ig u r e  4 4 ) w h ic h  re c o rd e d  a sha rp  
o n s e t n e g a t iv e  bay o f  M 0 0  gammas a t  a b o u t 0810 UT; how ever, 
n o te  t h a t  t h e  G re a t W hale R iv e r  m a g n e tic  re c o rd  shows a g ra d u a l 
o n s e t bay t h a t  began a b o u t 0730 UT. A second e x te n d e d  p e r io d  
o f  p o la r  m a g n e tic  su b s to rm  a c t i v i t y  began a b o u t 1300 UT. (F ig u re s  
43 and 4 4 ) .
The io n o s p h e r ic  p a ra m e te rs  p r i o r  t o  th e  f i r s t  su b s to rm  
w ere t y p ic a l  o f  th e  ^ 5 5 °  CGL m a g n e to q u ie t  io n o s p h e re  (F ig u re  
4 3 ) .  The F - la y e r  c r i t i c a l  f r e q u e n c ie s  w e re 'a p p ro x im a te ly  one 
m e g a h e rtz  a t  b o th  C o lle g e  and A l la k a k e t ,  and th e  b la n k e t in g  
f re q u e n c ie s  o f  s p o ra d ic  E w ere  n e a r  o r  be lo w  one m e g a h e rtz .
W ith  th e  v e ry  e a r ly  d e v e lo p m e n t o f  th e  f i r s t  p o la r  m a g n e tic  
s u b s to rm , fb E s  was o b s e rv e d  t o  in c re a s e  a t  A l la k a k e t .  The 
to p  f re q u e n c y  o f  th e  c o m p le te ly  b la n k e t in g  s p o r a d ic  E in c re a s e d  
th ro u g h  tw o  m e g a h e rtz  n e a r th e  t im e  o f  t h e  sh a rp  o n s e t  n e g a t iv e  
bay o b s e rv e d  a t  F o r t  C h u r c h i l l .
A f t e r  0830 UT a new h ig h e r  c r i t i c a l  f re q u e n c y  F - la y e r  was 
o b s e rv e d  a t  b o th  C o lle g e  and A l la k a k e t .  An a u r o r a l E - la y e r ,
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w ith  a c r i t i c a l  fre q u e n c y  o f  a p p ro x im a te ly  1 .0  t o  1 .5  MHz, 
was o b s e rv e d  a t  b o th  s t a t io n s  a f t e r  0 9 1 5  UT (F ig u re  4 3 ) .  A f t e r  
0 9 3 0  UT m u l t ip le s  o f  th e  new F - la y e r  w ere  a ls o  o b se rve d  a t  
b o th  s t a t io n s .
As th e  b la n k e t in g  fre q u e n c y  o f  Es d e c re a s e d , th e  m a in  tro u g h  
ionogram  echo was o b s e rv e d  a t  C o lle g e  and l a t e r  a t  A l la k a k e t  
(F ig u re  4 3 ) .  W ith  th e  re a p p e a ra n c e  o f  th e  m ain tro u g h  ech o , 
th e  v i r t u a l  ra n g e  o f  th e  ’ r e p la c e m e n t - la y e r ' in c re a s e d  and 
th e  m u l t ip le  o f  t h i s  la y e r  d is a p p e a re d . These o c c u rre n c e s  
a re  in te r p r e te d  t o  mean t h a t  th e  p o ie w a rd  t ro u g h  w a ll had moved 
s i i g h t l y  n o rth w a rd  t o  a b o u t 66° CGL. '
The o n s e t  o f  th e  second m a g n e tic  s u b s to rm  was we I i d e f in e d  
in  th e  A s ia n  s e c to r  (F ig u r e  4 4 ) .  A g a in  a b o u t 30 m in u te s  p r io - .  
t o  th e  o n s e t o f  th e  p o la r  m a g n e tic  su b s to rm  in  th e  A s ia n  s e c to r ,  
th e  A l la k a k e t  b la n k e t in g  f re q u e n c y  o f  s p o ra d ic  E began t o  
in c re a s e  (F ig u r e  4 3 ) .  Y e t a t  C o lle g e  th e r e  w ere  o n ly  m in o r  
in d ic a t io n s  o f  t h i s ' e f f e c t  u n t i l  some 15 m in u te s  a f t e r  th e  
su b s to rm  o n s e t .  The A ! la k a k e t  fb E s  re a ched  tw o  m e g a h e rtz  n e a r 
th e  m a g n e tic  s u b s to rm  o n s e t  t im e ,  w hereas th e  Col lege  fb E s  exceeded 
tw o  m e g a h e rtz  a b o u t 45 m in u te s  l a t e r .  A f t e r  a p p ro x im a te ly  1430 
UT, th e  F - la y e r  was o b s e rv e d  a g a in .  The p o s t-s u b s to rm  F - la y e r  
e le c t r o n  d e n s i t ie s  w e re  a p p ro x im a te ly  f o u r  t im e s  th e  p re -s u b s to rm  
v a lu e s  a t  b o th  A t la k a k e t  and C o lle g e .  These h ig h e r  p o s t-s u b s to rm  
v a lu e s  a re  c h a r a c t e r i s t i c  o f  th e  p la te a u  in  th e  F - la y e r  c r i t i c a l  
fr e q u e n c ie s  fo u n d  n o r th  o f  th e  p o le w a rd  t r o u g h  w a l l .
4 . 3 . 3 . 3  J a n u a ry  18, 1966
The n ig h t  s e c to r  m agnetogram s re v e a l t h a t  a r a th e r  s lo w  .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o n s e t MOO gamma n e g a t iv e  bay o c c u r re d  a t  a b o u t 0800 UT ( F o r t  
C h u r c h i l l ,  F ig u re  4 6 ) .  A s e co n d , b e t t e r  d e f in e d ,  p o la r  m a g n e tic  
s u b s to rm  o c c u rre d  w i th  i t s  maximum d e ve lo p m e n t between 1530 
and 1630 UT. The e a r l i e s t  a u r o r a l zone m 3gnetogram  in d ic a t io n  
o f  th e  second s u b s to rm  was a t  a p p ro x im a te ly  1400 UT. The 0800 
UT m a g n e tic  a c t i v i t y  was c o n f in e d  t o  a n a rro w  lo c a l . t im e  s e c to r  
a t  a u ro ra l zone l a t i t u d e s ;  th e  o n ly  d e f i n i t i v e  in d ic a t io n  
o f  a p o s s ib le  su b s to rm  was a t  F o r t  C h u r c h i l l .
The io n o s p h e r ic  d a ta  f o r  A l la k a k e t  and C o lle g e  re v e a l 
no s i g n i f i c a n t  v a r ia t io n s  in  th e  c h a r a c t e r i s t i c s  o f  th e  ove rh e a d  
io n o s p h e re  d u r in g  th e  0800 UT m a g n e tic  a c t i v i t y .  T y p ic a l v a lu e s  
o 'f fb E s  w ere  le s s  th a n  one m e g a h e rtz , and th e  c r i t i c a l  f re q u e n c ie s  
o f  th e  F - la y e r  w ere  c o n s is t e n t l y  n e a r  1 .2  m eg a h e rtz  a t  b o th  
s t a t io n s .  H ow ever, d u r in g  th e  p e r io d  fro m  0800 t o  0900 UT, th e  
p o le w a rd  tro u g h  w a ll  was d is p ia c e d  e q u a to rw a rd  t o  n e a r 66°
CGL. T h is  was deduced fro m  th e  A l la k a k e t  d a ta  t h a t  re v e a le d  
an o b l iq u e  F - la y e r  echo t h a t  d e c re a s e d  in  v i r t u a l  range  fro m  
500 t o  370 k i lo m e te r s  d u r in g  th e  p e r io d  o f  0815 to  0900 UT.
T h is  echo m a in ta in e d  a n e a r ly  c o n s ta n t  v i r t u a l  range  th ro u g h  
M 3 4 5  UT when th e  echo c o u ld  no lo n g e r  be o b s e rv e d  because 
o f  b la n k e t in g  s p o ra d ic  E. E x c e p t f o r  a. s l i g h t l y  g r e a te r  range  
(50  t o  100 k i lo m e te r s ) ,  o b l iq u e  F - la y e r  echoes  were o b s e rv e d  
to  v a ry  in  a s im i l a r  m anner on th e  C o lle g e  ionogram s com pared 
to  th o s e  re c o rd e d  a t  A l la k a k e t .  The d i f f e r e n c e  in  ra n g e  can 
be a t t r i b u t e d  t o  th e  m ore s o u th e r ly  l a t i t u d e  o f  C o lle g e  com pared 
to  A l la k a k e t .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
137
As m entioned  p r e v io u s ly ,  th e  e a r l i e s t  a u r o r a l  zone magnetogram  
in d ic a t io n  o f  th e  second su b s to rm  was a t  M 4 0 0  UT. H owever, 
b o th  Al la k a k e t and C o lle g e  re c o rd e d  in c r e a s in g  fb E s  s h o r t ly  
a f t e r  1300 UT, and th e  tw o  m e g a h e rtz  v a lu e  o f  fb E s  was reached 
a t  b o th  s ta t io n s  a t  M  330 UT. W ith  th e  r e d u c t io n  o f  th e  to p  
fre q u e n c y  o f  th e  s p o ra d ic  E ( f E s ) ,  a s s o c ia te d  w ith  th e  s u b s to rm , 
an ove rhead  F - la y e r  w ith  h ig h e r  c r i t i c a l  f r e q u e n c ie s  was o b se rve d  
a t  b o th  A l la k a k e t  and C o lle g e .  T h is  F - la y e r  is  a g a in  in te r p r e te d  
t o  be c h a r a c t e r i s t i c  o f  th e  p la te a u  in  c r i t i c a l  f re q u e n c ie s  
n o r th  o f  th e  p o le w a rd  t r o u g h  w a l l .
4 .3 .3 .4  March 3, 1966 '
 ^ A la rg e  p o la r  m a g n e tic  s u b s to rm  o c c u r re d  be tw een a p p ro x im a te ly  
0900 and 1100 UT. W ith  th e  e x c e p t io n  o f  t h i s  p e r io d ,  th e  a u ro ra l 
zone mannetograrns in d ic a te d  m a g n e to q u ie t  c o n d i t io n s .  The e a r l i e s t  
in d ic a t io n s  o f  th e  o n s e t o f  th e  p o la r  m a g n e tic  su b s to rm  o c c u rre d  
a t  a b o u t 0800 UT (G re a t W hale R iv e r  and Cape C h e ly u s k in ,  F ig u re  
4 8 ) .  . .
In  t h i s  case  th e r e  w ere no e a r ly  in d ic a t io n s  o f  th e  su b s to rm  
in  th e  C o lle g e  io n osonde  d a ta  ( F ig u r e  4 7 ) .  A l la k a k e t  ionosonde  
d a ta  w ere n o t a v a i la b le .  H ow ever, s h o r t l y  a f t e r  0900 UT th e  
to p  fre q u e n c y  o f  th e  s p o ra d ic  E in c re a s e d  d r a m a t ic a l ly  t o  o v e r  
seven m egahertz  and b la n k e te d  th e  F - r e g io n  (F ig u r e  4 7 ) .  N ote 
t h a t  th e  C o lle g e  m agnetograrn re v e a le d  o n ly  a s l i g h t  ^2 0  gamma 
p o s i t io n  p e r tu r b a t io n  d u r in g  t h i s  same t im e  p e r io d  o f  in c re a s in g  
Es. W ith  th e  s h a rp ly  d e f in e d  o n s e t  o f  th e  n e g a t iv e  bay a t  
C o lle g e  th e  to p  fre q u e n c y  o f  Es d e c re a s e d  s l i g h t l y .
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A f t e r  1100 UT, th e  b la n k e t in g  fre q u e n c y  o f  s p o r a d ic  E d e c re a s e d , 
and a new o v e rh e a d  F - ia y e r  was o b s e rv e d  w ith  a c r i t i c a l  f re q u e n c y  
o f  f o u r  t o  f i v e  m e g a h e r tz .  The c r i t i c a l  fre q u e n c y  o f  t h i s  
la y e r  in c re a s e d  th ro u g h  1230 UT and th e n  d e creased  s y s t e m a t ic a l ly  
u n t i l  r« l5 4 5  UT when th e  F - ia y e r  e le c t r o n  d e n s ity  began t o  in c re a s e  
f o l lo w in g  a b o u t 90 m in u te s  th e  t im e  o f  s u n r is e  a t  300 k i lo m e te r s  
a bove  C o lle g e .  S tro n g  m u l t ip le s  ( g e n e r a l ly  tw o o r  t h r e e )  o f  
th e  F - la y e r  echoes  w e re  o b s e rv e d  a f t e r  1130 UT in d ic a t in g  t h a t  
th e  p o s t  's u b s to rm  ’ r e p la c e m e n t - la y e r ’ was o v e rh e a d . Even th o u g h  .
th e  b la n k e t in g  f re q u e n c y  o f  s p o r a d ic  E was a p p ro x im a te ly  one 
m e g a h e rtz , t h e r e  w e re  no p o s t - s u b s to rm  in d ic a t io n s  o f  io n o g ra m  
echoes fro m  th e  m ain T ro u g h  t h a t  was th e  ove rhead  F - la y e r  p r i o r  
t o  th e  s u b s to rm . The p o s t - s u b s to rm  F - la y e r  is  a g a in  in t e r p r e t e d  
t o  be c h a r a c t e r i s t i c  of t h e  p la te a u  in  th e  c r i t i c a l  f r e q u e n c ie s  
fo u n d  n o r th  o f  t h e  p o le w a rd  t r o u g h  w a l l .
4 . 3 . 4  Summary and D is c u s s io n  o f  R e s u lts
From th e s e  l im i t e d  s t u d ie s  i t  a p p e a rs  t h a t  an io n o so n d e  
lo c a te d  a t  a p p r o x im a te ly  6 5 °  CGL is  a s e n s i t i v e  n ig h t  s e c t o r  
d e te c to r  f o r  th e  o c c u r re n c e  o f  m a g n e to s p h e r ic  s u b s to rm s . The 
o n s e t  o f  a u r o r a l s u b s to rm s  and o t h e r  known m a g n e to s p h e r ic  s u b s to rm  
phenomena ( c f_ A k a s o fu ,  1968) u s u a l ly  o c c u rs  in  th e  lo c a l m id n ig h t  
. t im e  s e c t o r .  N e v e r th e le s s ,  t h e  t im e  s e c to r  lo c a t io n  o f  th e  
io n o s o n d e  does n o t  a p p e a r  t o  be im p o r ta n t  f o r  th e  d e te c t io n  
o f  s i g n i f i c a n t  io n o s p h e r ic  v a r i a t i o n s  t h a t  o c c u r  s im u lta n e o u s ly  
and a t  t im e s  p re ce d e  th e  e a r l i e s t  o n s e ts  o f  p ro ve n  s u b s to rm  
phenom ena.
I t  is  a p p a re n t ,  f ro m  th e  f o u r  p e r io d s  s t u d ie d ,  t h a t  c e r t a in
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r e la t io n s h ip s  e x i s t  b e tw e e n 'w in te r  n ig h t  s e c to r  io n o s p h e r ic  
v a r ia t io n s  a t  60° t o  65° CGL and th e  o c c u r re n c e  o f  m a g n e to s p h e r ic  
s u b s to rm s :
1 ). S p o ra d ic  E w ith  b la n k e t in g  f r e q u e n c ie s  e q u a l t o  o r  
g r e a te r  th a n  tw o  m e g a h e rtz  o c c u rs  in  c o n ju n c t io n  w i th  m a g n e to s p h e r ic  
su b s tc rrn s ; f u r t h e r ,  on th r e e  o f  th e  f o u r  n ig h ts  s tu d ie d ,  th e re
were s y s te m a t ic  in c re a s e s  in  th e  b la n k e t in g  f re q u e n c y  o f  s p o ra d ic  
E , 30 t o  60 m in u te s  p r i o r  t o  th e  e a r l i e s t  s u b s to rm  o n s e t  t im e s  
d e te rm in e d  fro m  a u ro ra l zone m a g n e to g ra m s . On th e  f o u r t h  n ig h t  
c o n s id e re d , th e  o n s e t o f  h ig h  to p  f r e q u e n c y  s p o r a d ic  E o c c u rre d  
in  t h e 'e v e n in g  s e c to r  s e v e ra l m in u te s  b e fo re  th e  lo c a l sh a rp  
o n s e t o f  a n  in te n s e  n e g a t iv e  b a y .
2 ) .  The F - la y e r  p o le w a rd  t ro u g h  w a l l  is  d is p la c e d  e q u a to rw a rd  
d u r in g  a m a g n e to s p h e r ic  s u b s to rm . S p o ra d ic  E , w h ich  c o m p le te ly  
b la n k e ts  th e  F - la y e r ,  o f t e n  in t e r f e r e s  w i th  t h e  d e te r m in a t io n
o f  when t h i s  d is p la c e m e n t o c c u rs  r e l a t i v e  t o  th e  o n s e t  o f
t h e  s u b s to rm ; h o w e ve r, i t  a p p e a rs  fro m  th e s e  l im i t e d  in v e s t ig a t io n s
t h a t  th e  d is p la c e m e n t o c c u rs  d u r in g  t h e  e x p a n s iv e  phase o f
th e  a u r o r a l  s u b s to rm  -  p o s s ib ly  in  a s s o c ia t io n  w i th  t h e  e q u a to rw a rd
’ s p re a d ’ o f  i r r e g u la r  a u r o r a l bands d is c u s s e d  in  C h a p te r  2 .
I t  ap p e a rs  t h a t  th e  p o le w a rd  tr o u g h  w a l l  in  t h e  e a r ly ,  m o rn in g  
s e c to r  i s  d is p la c e d  e q u a to rw a rd  t o  a p p r o x im a te ly  61° CGL w ith  
th e  o c c u r re n c e  o f  a m a g n e to s p h e r ic  s u b s to rm  w ith  an AL in d e x  
o f  a p p ro x im a te ly  -4 0 0  gammas (Decem ber 4 ,  1 9 6 5 ).
3 ) .  N o rm a lly  on ce  th e  p o le w a rd  tr o u g h  w a l l  is  d is p la c e d  
e q u a to rw a rd , i t  re m a in s  e q u a to rw a rd  o f  i t s  m a g n e to q u ie t  p o s i t io n  
f o r  th e  re m a in d e r  o f  th e  n ig h t .  The p o s t- s u b s to rm  F - la y e r  a t
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a p p ro x im a te ly  65° CGL re m a in s  r e p r e s e n ta t iv e  o f  th e  p la te a u  
in  th e  c r i t i c a l  f re q u e n c ie s  fo u n d  n o r th  o f  th e  p o le w a rd  tro u g h  
w a l l .  T h is  s i t u a t io n  n o rm a lly  e x is t s  even th o u g h  o n ly  a s in g le  
su b s to rm  o c c u rs  d u r in g  an o th e rw is e  m a g n e to q u ie t  n ig h t  ( e .g .  
M arch 3, 1966).
R ecent s tu d ie s  have shown t h a t  p a r t i c l e  p r e c ip i t a t i o n  
is  an im p o r ta n t mechanism  f o r  th e  m a in te n a n c e  o f  th e  w in te r  
p o la r  F - la y e r  ( c f .  Thomas and A n d re w s, 1969 and P ik e ,  1971a ,~ 
b ) .  The c a lc u la t io n s  o f  Rees (1 9 6 4 ) show t h a t  th e  p r e c ip i t a t io n  
o f  e le c t r o n s  w ith  e n e rg ie s  le s s  th a n  a b o u t 500eV' p ro d u ce s  
th e  maximum io n iz a t io n  ra te s  a t  F - r e g io n  h e ig h ts .  F ra n k  and 
A cke rso n  (1971) have re p o r te d  v e ry  d e t a i le d  m easurem ents o f  
p a r t i c l e  p r e c ip i t a t io n  in t o  th e  a u r o r a l  zo n e ; th e y  c o n c lu d e  
t h a t  t h rt d o m in a n t c o n t r ib u t io n  t o  th e  p a r t i c l e  p r e c ip i t a t i o n  
in t e n s i t i e s  and e n e rg y  f lu x e s  in  t h e  e a r ly  m o rn in g  s e c to r  is  
p ro v id e d  by e le c t r o n s  w ith  e n e rg ie s  e q u a l t o  o r  le s s  th a n  300 
eV. Such p r im a ry  e le c t r o n  e n e rg ie s  a re  e f f i c i e n t  f o r  p ro d u c in g  
F - re g io n  io n iz a t io n  (R ees, 1 9 6 4 ). F ra n k  and A c k e rs o n  (1 9 7 1 ) 
a ls o  sum m arize th e  fe a tu r e s  o f  e le c t r o n  p r e c ip i t a t i o n  in  th e  
la t e  m orn ing  s e c to r  as b e in g  g e n e r a l ly  m ore d i f f u s e  and le s s  
in te n s e  compared t o  t h e  p a t te r n s  o b s e rv e d  in  t h e  e v e n in g  s e c to r .  
They a ls o  show, f o r  b o th  lo c a l t im e  s e c to r s ,  t h a t  e le c t r o n  
p r e c ip i t a t io n  o c c u rs  a t  lo w e r la t i t u d e s  w ith  in c r e a s in g  K^.
A s u rv e y  o f  th e  F ra n k  and A cke rso n  (1 9 7 1 ) ( E - t )  s p e c tro g ra m s  
re v e a ls  t h a t  th e  a u ro ra l p r e c ip i t a t i o n  re g io n  b o u n d a r ie s  a re  
n o rm a lly  w e ll d e f in e d .
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Hoffm ann (1 9 6 9 ) p re s e n ts  exam p les  o f  s a t e l l i t e  re c o rd in g s  
o f  700eV d e te c to r  re sp o n se s  t o  p r e c ip i t a t i n g  e le c t r o n s  a t  a u ro ra l 
l a t i t u d e s :  he c o n c lu d e s  t h a t  e le c t r o n  p r e c ip i t a t i o n  in  th e  
m o rn in g  s e c to r  i s  c h a r a c te r iz e d  by r e l a t i v e l y  s t r u c t u r e le s s  
p r e c ip i t a t i o n  ’ b a n d s ' n e a r and e q u a to rw a rd  o f  'b u r s t s ’ t h a t  
have a s h o r t  te m p o ra l d u r a t io n  o r  a s m a ll s p a t ia l  e x t e n t .  The 
’ b a n d s ’ and 'b u r s t s ’ o b se rve d  by H offm ann  (19 6 9 ) c o r re s p o n d  
t o  th e  enhanced backg ro u n d  le v e ls  and th e  s t r u c tu r e d  p r e c ip i t a t io n  
e v e n ts  o b se rve d  by F ra n k  and A cke rso n  (1 9 7 1 ) .
The g e n e ra l m o rp h o lo g y  o f  th e  F - la y e r  phenomena s tu d ie d  
f o r  la t i t u d e s  o f  60° t o  7 0 °  CGL is  c o n s is t e n t  w ith  th e  s a t e l l i t e  
o b s e rv a t io n s  o f  p r e c ip i t a t i n g  e le c t r o n s  in t o  th e  same la t i t u d e  
z o n e . The F - la y e r  p o le w a rd  tro u g h  w a l l  c o r re s p o n d s  to  th e  
e q u a to rw a rd  edge o f  th e  a u r o r a l p r e c ip i t a t i o n  r e g io n .  The 
p la te a u  in  th e  F - la y e r  c r i t i c a l  f r e q u e n c ie s  n o r th  o f  th e  po lew ard  
t ro u g h  w a ll  c o rre s p o n d s  t o  th e  enhanced backg ro u n d  le v e l in  
th e  p a r t i c l e  p r e c ip i t a t i o n .  I t  is  a ls o  l i k e l y  t h a t  th e  n ig h t  
s e c to r  F - la y e r  i r r e g u l a r i t y  zone c o r re s p o n d s  t o  th e  lo c a t io n  
o f  th e  p a r t i c l e  p r e c ip i t a t i o n  'b u r s t s ’ (H o ffm a n n , 1969) and 
th e  s t r u c tu r e d  p a r t i c l e  p r e c ip i t a t i o n  e v e n ts  (F ra n k  and A cke rso n , 
1 9 7 1 ). The e q u a to rw a rd  s h i f t  o f  th e  p o le w a rd  t r o u g h  w a ll  in  
a s s o c ia t io n  w ith  m a g n e to s p h e r ic  s u b s to rm s  can o n ly  be in fe r r e d  
fro m  th e  s a t e l l i t e  o b s e r v a t io n s ;  h o w e ve r, th e  s a t e l l i t e  d a ta  
do show t h a t  th e  p a r t i c l e  p r e c ip i t a t i o n  r e g io n  e x te n d s  t o  low er 
la t i t u d e s  in  a s s o c ia t io n  w i th  an in c re a s e d  g e o m a g n e tic  d is tu rb a n c e
le v e l (K ) .
P
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T h e re  is  u n c e r ta in t y  as t o  th e  p h y s ic a l s ig n i f ic a n c e  o f  
s p o ra d ic  E p a ra m e te rs ; h o w e ve r, i t  is  l i k e l y  t h a t  th e  b la n k e t in g  
f re q u e n c y  o f  s p o ra d ic  E ( fb E s )  c o r re s p o n d s  t o  th e  maximum plasm a 
fre q u e n c y  in  th e  Es ia y e r  (R eddy and Rao 1968 and Reddy, 19 6 8 ).
I f  t h i s  r e la t io n s h ip  is  v a l i d ,  th e n  th e  maximum E s - la y e r  e le c t r o n  
d e n s i t ie s  may be d e te rm in e d  fro m  th e  v a lu e s  o f  fb E s .
In  C h a p te r 3 i t  was c o n c lu d e d  t h a t  s p o ra d ic  E, e i t h e r  
b la n k e t in g  o r  n o n -b la n k e t in g  w i th  to p  fre q u e n c ie s  above tw o  
m e g a h e rtz , n o rm a lly  does n o t  o c c u r  d u r in g  m a g n e to q u ie t a t  la t i t u d e s  
e q u a to rw a rd  o f  ^ 6 8 °  CGL. F u r th e r ,  th e  exam p les c o n s id e re d  
f o r  t h i s  s e c t io n  re v e a l t h a t  fb E s  v a lu e s ,  d u r in g  m a g n e to q u ie t ,  
a re  n o rm a lly  le s s  th a n  one m e g a h e rtz .
T h e e a r ly  in c re a s e ,  a t  a u r o r a l  zone la t i t u d e s ,  in  th e  
b la n k e t in g  fre q u e n c y  o f  s p o r a d ic  E p r i o r  t o  m a g n e to s p h e r ic  
su b s to rm s  in d ic a te s  an in c re a s e  in  t h e  e le c t r o n  d e n s i ty  a t  
Es h e ig h ts  —  assum ing  t h a t  fb E s  is  r e la te d  t o  th e  e le c t r o n  
d e n s i ty .  I t  w o u ld  be o f  g r e a t  i n t e r e s t  t o  exam ine a u r o r a l 
e le c t r o n  p r e c ip i t a t i o n  d a ta  f o r  such la t i t u d e s  p r i o r  t o  s u b s to rm s  
t o  d e te rm in e  i f  th e  i n t e n s i t y  o f  th e  10 keV p r e c ip i t a t i n g  e le c t r o n s  
shows a Tp r e -s u b s to rm ’ in c re a s e  t h a t  c o u ld  a c c o u n t f o r  th e  
in c re a s e d  Es io n iz a t io n .  The absence  o f  an in c re a s e  in  th e  
p r e c ip i t a t i o n  o f  10 keV e le c t r o n s  p r i o r  t o  s u b s to rm s  w o u ld  
be e q u a l ly  i n t e r e s t in g ,  a s  t h i s  w ou ld  p o in t  to w a rd  a lo c a l m echanism  
f o r  th e  p ro d u c t io n  o f  th e  ' p re -s u b s to rm ’ in c re a s e s  in  th e  b la n k e t in g  
fre q u e n c y  o f  s p o ra d ic  E.
The r e s u l t s  o f  t h i s  c h a p te r  i l l u s t r a t e  th e  p o t e n t ia l  v a lu e  
in  e s ta b l is h in g  an io n o s o n d e  n e tw o rk  t o  s y s te m a t ic a l ly  o b s e rv e
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th e  h ig h  l a t i t u d e  io n o s p h e re .
The s y n o p t ic  p a t te r n  o f  t h e  h ig h  l a t i t u d e  io n o s p h e re  is  
c h a r a c te r iz e d  by p ro n o u n ce d  c ir c u m p o la r  f e a t u r e s  t h a t  a r e  c lo s e ly  
a s s o c ia te d  w ith  th e  a u r o r a l  o v a l .  F o r t h i s  re a s o n  a m a g n e tic  
m e r id ia n  c h a in  o f .  io n o s o n d e s , e s t a b l is h e d  in  a s s o c ia t io n  w i th  
a c h a in  o f  g e o p h y s ic a l o b s e r v a to r ie s  such  as now e x i s t s  in  A la s k a ,  
w o u ld  p ro v id e  th e  d a ta  t o  f u r t h e r  r e la t e  th e  F - r e g io n  io n o s p h e r ic  
s t r u c t u r e  to  th e  dyn a m ics  o f  t h e  a u r o r a l  o v a l and m a g n e to s p h e r ic  
s u b s to rm s . E - re g io n  d a ta  fro m  such a h ig h  q u a l i t y  g e o p h y s ic a l 
o b s e r v in g  c h a in  w o u ld  p e r m it  a d e t a i le d  s tu d y  o f  t h e  a u r o r a l  
E - la y e r  and re ta rd e d  ty p e  s p o r a d ic  E. The E - r e g io n ' d a ta  w o u ld  
a ls o  p e r m it  a co m p re h e n s iv e  in v e s t ig a t io n  o f  t h e  r e la t io n s h ip s  
be tw e e n  s p o ra d ic  E, a u ro ra s  and m a g n e to s p h e r ic  s u b s to rm  phenomena.
The h ig h  la t i t u d e  io n o s p h e re  fo rm s  th e  ba se  o f  th e  o u te r  
m a g n e to s p h e re . The io n o s o n d e  is  n o t  o n ly  an in s t r u m e n t  f o r  
io n o s p h e r ic  s tu d ie s  b u t  is  in  a much b ro a d e r  se n se  a s im p le  
and p o w e r fu l in s t ru m e n t  f o r  m o n ito r in g  th e  te m p o ra l changes 
in  th e  la rg e  s c a le  m a g n e to s p h e r ic  s t r u c t u r e .  The io n o s o n d e , 
r e c o g n iz e d  in  t h i s  re a lm , i s  c a p a b le  o f  p r o v id in g  e s s e n t ia l  d a ta  
f o r  t h e  c o n t in u e d  i n t e r d i s c ip ! i n a r y  s tu d y  o f  io n o s p h e r ic  and 
m a g n e to s p h e r ic  phenomena.
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CHAPTER 5 
SUMMARY
The m ain p u rp o s e  o f  t h i s  t h e s is  has been t o  e x a m in e  th e  
m o rp h o lo g y  o f  t h e  h ig h  l a t i t u d e  io n o s p h e re  d u r in g  m a g n e to s p h e r ic  
s u b s to rm s . The ap p ro a ch  a d o p te d  h e re  d i f f e r s  fro m  many o f  th e  
e a r l i e r  m o rp h o lo g ic a l s tu d ie s  w h ich  c o n f in e d  t h e i r  a t t e n t i o n  
t o  t h e  m id - la t i t u d e  io n o s p h e r ic  v a r i a t i o n s  d u r in g  w o r ld w id e  
m a g n e tic  d is tu rb a n c e s  ( e .g .  M a ts u s h i ta ,  1959; K in g , 1961 and 
Thomas and V e n a b le s , 19 6 6 ). Because o f  th e  c o m p le x i ty  o f  h ig h  
l a t i t u d e  io n o s p h e r ic  phenom ena, t h e r e  h ave  been r e l a t i v e l y  few  
d e ta i le d  s tu d ie s  o f  la r g e - s c a le  io n o s p h e r ic  d is tu r b a n c e s  t h a t  
o c c u r  in" th e  p o la r  r e g io n s .  N o ta b le  e x c e p t io n s  in c lu d e  th e  
e a r l i e r  in v e s t ig a t io n s  o f  B u rk a rd  (1 9 4 8 ) ,  Meek (1 9 5 3 , (9 5 4 ) 
and B e llc h a m b e rs  e t  a l . (1 9 6 2 ) who each  o b s e rv e d  t h a t  t h e  
F - r e g io n  v a r ia t io n s  a t  l a t i t u d e s  o f  a p p ro x im a te ly  6 1 °  t o  67°
CGL a re  c lo s e ly  r e la te d  t o  th e  lo c a l m a g n e t ic  d is tu r b a n c e  le v e l :  
ho w e ve r, because o f  th e  la c k  o f  a known s y n o p t ic  p a t t e r n  o r  
fra m e  o f  r e fe re n c e  f o r  h ig h  l a t i t u d e  io n o s p h e r ic  p a ra m e te rs ,  th e  
s ig n i f ic a n c e  o f  th e s e  i n v e s t ig a t io n s  was n o t  f u l l y  u n d e rs to o d .
D u r in g  th e  p a s t d e ca d e , a i r c r a f t  and s a t e l l i t e  b o rn e  io n o s o n d e s  
have  p ro v id e d  th e  d a ta  t o  i d e n t i f y  th e  la r g e - s c a le  c i r c u m p o la r  
fe a tu r e s  o f  t h e  h ig h  l a t i t u d e  io n o s p h e re  and t o  show a c lo s e  
a s s o c ia t io n  be tw een th e s e  fe a tu r e s  and t h e  a u o r o r a l  o v a l ( e .g .
Thomas and A n d re w s , 1969 and Buchau e t  a I . , 1 9 7 2 ). Based upon 
th e s e  re c e n t d e v e lo p m e n ts , i t  was h y p o th e s iz e d  and p ro v e d  t h a t  
v a r ia t io n s  o f  th e  la r g e - s c a le  f e a tu r e s  o f  th e  h ig h  l a t i t u d e
163
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io n o s p h e re  a re  r e la te d  t o  th e  dynam ics  o f  th e  a u r o r a l  o v a l d u r in g  
m a g n e to s p h e r ic  s u b s to rm s .
5 .1  THE AURORAL OVAL AND AURORAL SUBSTORMS
A l l - s k y  camera d a ta  fro m  th e  A la s k a n  m e r id ia n  c h a in  o f  
o b s e r v a to r ie s  w ere  s tu d ie d  t o  d e te rm in e  th e  m e r id io n a l d i s t r i b u t i o n s  
and m o tio n s  o f  a u ro ra s  t h a t  c o m p ris e  th e  a u r o r a l  o v a l .  T h is  
s tu d y  p ro v id e d  a b a ckg ro u n d  f o r  th e  e v a lu a t io n  o f  io n o s p h e r ic  
v a r ia t io n s  in  r e la t io n  t o  th e  a u ro ra l o v a l d u r in g  m a g n e to s p h e r ic  
s u b s to rm s . A m a g n e tic  m e r id ia n  c h a in  o f  o b s e r v a to r ie s  is  a n a lo g o u s  
t o  an a z im u th -s c a n  r a d a r  t h a t  s y s t e m a t ic a l ly  ’ s c a n s ' th e  a u r o r a l  
o v a l on ce  p e r  d a y . The r e s u l t s  o f  t h i s  in v e s t ig a t io n  have re v e a le d  
. s e v e r a l  new m o rp h o lo g ic a l fe a tu r e s  o f  th e  a u r o r a l  s u b s to rm .
An enhanced e q u a to rw a rd  d r i f t  o f  a u r o r a l fo rm s  and th e  
'c l e a r i n g '  o f  th e  p o le w a rd  sky  r e s u l t  in  an e q u a to rw a rd  ' t h i n n i n g '  
o f  th e  a u ro ra l o v a l p r i o r  t o  th e  o n s e t o f  th e  e x p a n s iv e  phase o f  
th e  s u b s to rm . These phenomena may p o s s ib ly  in d ic a t e  th e  g ro w th  
phase  o f  a m a g n e to s p h e r ic  s u b s to rm . .
B ecause o f  th e  c u r r e n t  i n t e r e s t  in  t h e  e a r ly  phase o f  
m a g n e to s p h e r ic  s u b s to rm s , g ro w th  phases d e f in e d  by o t h e r  w o rk e rs  
w e re  in v e s t ig a te d  on th e  b a s is  o f  a l l - s k y  cam era  p h o to g ra p h s .
I t  i s  co n c lu d e d  t h a t  u n t i l  th e  g e o m a g n e tic  f i e l d  v a r i a t i o n s  
d u r in g  th e  e a r ly  phase o f  m a g n e to s p h e r ic  s u b s to rm s  a re  w e ll  
e s ta b l is h e d ,  th e  g ro w th  phase s h o u ld  n o t be d e f in e d  fro m  a u r o r a l 
zone m a g n e tic  re c o rd s  a lo n e .
D u r in g  w o r ld w id e  m a g n e to a u ie t ,  in te n s e  a u r o r a l  s u b s to rm s  
can o c c u r  on th e  c o n t r a c te d  a u ro ra i o v a l .  Such s u b s to rm s  may
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o c c u r  beyond th e  p o le w a rd  h o r iz o n  o f  an a u ro ra l zone o b s e r v a to r y ;  
e x c e p t f o r  th e  d i f f e r e n c e  in  th e  l a t i t u d e  o f  o c c u rre n c e  th e y  a re  
s i m i l a r  in  c h a r a c te r  t o  th o s e  su b s to rm s  o b s e rv e d  a t  t y p ic a l  a u ro ra l 
zone o b s e r v a to r ie s ;  such as C o lle g e  o r  F o r t  Y ukon. W ith o u t a 
m e r id ia n  c h a in  o f  o b s e rv a to r ie s  e x te n d in g  t o  a p p ro x im a te ly  75 °
CGL, such s u b s to rm s  w ou ld  n o t be d e te c te d .  T h is  f a c t  e m phas izes  
th e  im p o rta n c e  o f  a m e r id ia n  o b s e rv in g  c h a in  f o r  m o rp h o lo g ic a l 
s tu d ie s  o f  a u ro ra s .
A u ro ra l m o tio n s  may be a v i s i b l e  in d ic a t o r  o f  th e  m a g n e to s p h e r ic  
c o n v e c t io n  p a t te r n  (cf_. D a v is , 1 9 7 1 ). A c c e p t in g  t h i s  p re m is e , 
n ig h t  s e c to r  e q u a to rw a rd  m o tio n s  c o rre s p o n d  t o  th e  e a r th w a rd  
c o n v e c t io n  o f  m a g n e tic  f l u x  tu b e s  in  th e  m a g n e to ta i l ,  w h i le  th e  
p o le w a rd  m o tio n s  o f  day s e c to r  a u ro ra s  c o rre s p o n d  t o  th e  n o o n - 
m id n ig h t  m e r id ia n  c o n v e c t io n  p a t te r n  in t o  and a c ro s s  th e  p o la r  
cap (cf_. A x fo r d ,  1 9 6 9 ). A l l - s k y  cam era d a ta  fro m  th e  A la s k a n  
m e r id ia n  c h a in  c o n f irm  th e  e a r l i e r  s t a t i s t i c a l  r e s u l t s  t h a t  
c o n c lu d e d  t h a t  n ig h t  s e c to r  e q u a to rw a rd  a u ro ra l m o tio n s  a re  more 
f r e q u e n t  th a n  p o le w a rd  m o tio n s . S u n l ig h t  p re c lu d e s  c o m p re h e n s iv e  
day s e c to r  o b s e rv a t io n s  by th e  A la s k a n  m e r id ia n  c h a in .  F o r t h i s  
re a so n  s o u th e rn  h e m isphe re  a l l - s k y  cam era d a ta  were used to  
d e te rm in e  t h a t  p o le w a rd  m o tio n s  o f  day s e c to r  a u ro ra s  o c c u r  
s t a t i s t i c a l l y  m ore f r e q u e n t ly  th a n  e q u a to rw a rd  m o t io n s . T h u s , 
th e  c h a r a c t e r i s t i c  m e r id io n a l m o tio n s  o f  n ig h t  and day s e c to r  
a u ro ra s  s u p p o r t  th e  c o n c e p t o f  th e  'o p e n * m a g n e tosphe re  w ith  
a s te a d y  c o n v e c t io n  d r iv e n  as a r e s u l t  o f  th e  re c o n n e c t io n  o f  
in t e r p la n e t a r y  and g e o m agne tic  f i e l d  I in e s  (D ungey, 1 9 6 1 ).
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The c o n ce p t o f  th e  c o n t in u o u s  a u ro ra !  o v a l is  s u p p o r te d  
by th e  a u ro ra l s tu d ie s  u n d e rta k e n  f o r  t h i s  d i s s e r t a t i o n .  'G a p s ’ 
w ere  o b s e rv e d  d u r in g  m a g n e to q u ie t, such  as th o s e  re p o r te d  by 
Buchau e t  a I . (1 9 7 0 ) . However th e  gaps w ere n o t  a s s o c ia te d  
w i th  s p a t ia l  d is c o n t in u i t ie s  o f  th e  ty p e  re p o r te d  by Lassen (1 9 7 2 ) .
5 .2  THE HIGH LATITUDE IONOSPHERE DURING MAGNETOQUIET
An in v e s t ig a t io n  o f  io n o s p h e r ic  d is tu rb a n c e s  depends upon 
a d e ta i le d  know ledge o f  th e  b e h a v io r  o f  th e  io n o s p h e re  d u r in g  
m a g n e to q u ie t p e r io d s .  D ata  fro m  a ir b o r n e  and g ro u n d  based io n o so n d e s  
w ere  com bined to  deduce th e  m a c ro s c a le  p a t te r n s  o f  th e  m a g n e to q u ie t 
h ig h  l a t i t u d e  io n o s p h e r ic  E -re g io n  and th e  F 2 - la y e r .  D u r in g  
such p e r io d s  th e  a u ro ra l E - la y e r  and re ta rd e d  ty p e  s p o ra d ic  E 
o c c u r  in  a c irc u m p o l'a r  band bounded by a p p ro x im a te ly  6 ^ °  and 75°
CGL; n o n - re ta rd e d  ty p e  s p o ra d ic  E, w i t h  to p  f r e q u e n c ie s  above tw o  
m e g a h e rtz  does n o t o c c u r  e q u a to rw a rd  o f  a p p ro x im a te ly  68 ° CGL.
The m a g n e to q u ie t n ig h t  s e c to r  F 2 - la y e r  is  c h a r a c te r iz e d  by th e  
m ain t r o u g h ,  w i t h c r i t i c a l  f re q u e n c ie s  o f  a p p ro x im a te ly  one 
m e g a h e rtz ; th e  main tro u g h  is  bounded on th e  p o le w a rd  s id e  (^ 6 7 °
CGL) by a w e l l - d e f in e d  w a ll and p la te a u  o f  F - r e g io n  io n iz a t io n  
t h a t  e x te n d s  p o le w a rd  t o  th e  in s ta n ta n e o u s  a u r o r a l  o v a l .
W h ile  many f a c to r s  may c o n t r ib u t e  t o  th e  m a in te n a n c e  o f  th e  
h ig h  la t i t u d e  w in te r  io n o s p h e re  (cf_. R is h b e th ,  1968 and R is h b e th  
and G a r r i o t t ,  1969 ), p a r t i c l e  p r e c ip i t a t i o n  i n t o  th e  c l r c u m p o la r  
r in g  bounded by th e  m ain t r o u g h  and th e  p o la r  c a v i t y  m ust be 
a p r im e  c o n s id e r a t io n .  Whalen e t  a I . (1971 ) show a c lo s e  c o rre s p o n d e n c e  
betw een th e  c h a r a c t e r i s t i c s  o f  th e  a u r o r a l E - la y e r  and th e  io n  
p r o d u c t io n  r a te  deduced fro m  m easurem ents o f  t h e  a u r o r a l N?+ e m is s io n .
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The m e r id io n a l p r o f i le s  o f  lo w e r e n e rg y  p a r t i c l e  p r e c ip i t a t i o n  
('b 700 e V ) ,  re p o r te d  by F rank  and A cke rso n  (1 9 7 1 ) and Hoffm ann 
(19 6 9 )., a g re e  q u a l i t a t i v e l y  w ith  deduced p o s i t io n s  o f  th e  p o le w a rd  
t r o u g h  w a ll  o f  th e  n ig h t  s e c to r  F - la y e r .  W inn ingham  and P ik e  
(1 9 7 2 ) have shown e x c e l le n t  q u a n t i t a t i v e  ag reem en t betw een th e  
day s e c to r  c h a r a c t e r i s t i c s  o f  th e  F - la y e r  i r r e g u l a r i t y  zone 
and th e  low  ene rg y  p a r t i c l e  p r e c ip i t a t i o n  th ro u g h  th e  p o la r  c u s p . 
5 .3 .  THE HIGH LATITUDE IONOSPHERE DURING MAGNETOSPHERIC SUBSTORMS
N ig h t  s e c to r  io n o s p h e r ic  d is tu rb a n c e s  a re  c lo s e ly  a s s o c ia te d  
w i th  th e  o c c u rre n c e  o f  m a g n e to s p h e r ic  s u b s to rm s . A t a p p ro x im a te ly  
65° CGL in  th e  n ig h t  s e c to r ,  s p o ra d ic  E w ith  to p  f re q u e n c ie s  g r e a t e r  
. th a n  tw o  m egahertz  o c c u rs  in  c o n ju n c t io n  w i th  s u b s to rm s . The to p  
fre q u e n c y  o f  s p o ra d ic  E d e c re a se s  be low  tw o  m e g a h e rtz  d u r in g  th e  
re c o v e ry  phase o f  th e  s u b s to rm . A t t im e s  th e  b la n k e t in g  f re q u e n c y  
o f  s p o ra d ic  E in c re a s e s  p r i o r  t o  th e  o n s e t o f  a c c e p te d  s u b s to rm  
phenomena. .
T h e re  is  u n c e r ta in ty  as t o  th e  p h y s ic a l s ig n i f i c a n c e  o f  th e  
to p  f re q u e n c y  o r  th e  c r i t i c a l  f re q u e n c y  o f  s p o ra d ic  E as s c a le d  
fro m  io n o g ra m s ; how eve r, i t  is  l i k e l y  t h a t  th e  b la n k e t in g  fre q u e n c y  
o f  s p o ra d ic  E co rre s p o n d s  t o  th e  maximum plasm a f re q u e n c y  in  t h e  
s p o ra d ic  E la y e r .  A c c e p tin g  t h i s  l i k e l i h o o d ,  th e n  th e  e a r ly  
in c re a s e  in  th e  b la n k e t in g  f re q u e n c y  o f  s p o ra d ic  E, p r i o r  t o  
m a g n e to s p h e r ic  su b s to rm s and a t  la t i t u d e s  o f  a p p ro x im a te ly  65°
CGL, in d ic a te s  an in c re a s e  in  th e  e le c t r o n  d e n s i ty  a t  s p o ra d ic  E 
h e ig h ts .  Such a f in d in g ,  i f  p r o p e r ly  v e r i f i e d  by in d e p e n d e n t 
d a ta ,  c o u ld  be im p o r ta n t in  th e  s tu d ie s  o f  th e  g ro w th  o f  th e
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a u r o r a l  e l e c t r o je t  d u r in g  th e  g ro w th  and e a r l y  e x p a n s iv e  phases 
o f  m a g n e to s p h e r ic  s u b s to rm s .
The po Ie w a rd  t r o u g h  w a ll  in  t h e  n ig h t  s e c t o r  is  d is p la c e d  
e q u a to rw a rd  d u r in g  th e  d e v e lo p m e n t o f  a s u b s to rm .  From l im i t e d  
e x a m p le s , i t  ap p e a rs  t h a t  th e  d is p la c e m e n t o c c u rs  d u r in g  th e  
e x p a n s iv e  phase o f  th e  a u r o r a l  s u b s to rm . N o rm a lly  o n ce  th e  
p o le w a rd  t ro u g h  w a ll is  d is p la c e d  e q u a to rw a rd ,  i t  re m a in s  e q u a to rw a rd  
o f  i t s  m a g n e to q u ie t p o s i t io n  f o r  th e  re m a in d e r  o f  th e  n ig h t .
The e q u a to rw a rd  s h i f t  o f  th e  p o le w a rd  t r o u g h  w a lI  - in  a s s o c ia t io n
w ith  m a g n e to s p h e r ic  s u b s to rm s  can o n ly  be in f e r r e d  fro m  th e
r e p o r te d  s a t e l l i t e  o b s e r v a t io n s  o f  low  e n e rg y  p a r t i c l e  p r e c i p i t a t i o n
The s a t e l l i t e  d a ta  do show t h a t  th e  p r e c i p i t a t i o n  zone  e x te n d s  t o
lo w e r  la t i t u t d e s  w ith  an in c re a s e d  g e o m a g n e tic  d is tu r b a n c e  le v e l
(K  ) (F ra n k  and A c k e rs o n , 1 9 7 1 ). L im ite d  o b s e r v a t io n s  in d ic a t e  
P
t h a t  th e  p o le w a rd  t r o u g h  w a ll  is  d is p la c e d  e q u a to rw a rd  f i v e  o r  
m ore d e g re e s  o f  l a t i t u d e  w i th  th e  d e v e lo p m e n t o f  a m o d e ra te  
p o la r  m a g n e tic  s u b s to rm s  (A L 'v^O O  gam m as). I t  i s  c o n c lu d e d  
t h a t  th e  d is p la c e m e n t o f  th e  p o le w a rd  t r o u g h  wal I o f  t h e  n ig h t  
s e c t o r  F - la y e r  is  a s s o c ia te d  w ith  a s i m i l a r  d is p la c e m e n t  o f  th e  
e q u a to rw a rd  bounda ry  o f  th e  a u r o r a l  p r e c i p i t a t i o n  z o n e .
Buchau e t  a l . (1 9 7 2 ) show t h a t  th e  day s e c t o r  o f  t h e  a u r o r a l  
o v a l is  c o - lo c a te d  w i th  a band o f  enhanced 6300 A e m is s io n  and th e  
day s e c to r  F - la y e r  i r r e g u l a r i t y  zo n e ; th e y  f u r t h e r  show t h a t  
b o th  f e a tu r e s  r e s u l t  fro m  th e  p r e c ip i t a t i o n  o f  low  e n e rg y  e le c t r o n s  
th ro u g h  th e  p o la r  c u s p . T h is  s u g g e s ts  t h a t  th e  F - la y e r  i r r e g u l a r i t y  
zone is  an e x c e l le n t  i n d ic a t o r  o f  th e  in t e r s e c t i o n  o f  th e  p o la r  
c usp  w i th  th e  io n o s p h e re .  The m e r id io n a l m o t io n s  o f  t h e  F - la y e r
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i r r e g u l a r i t y  zone can th u s  be in te r p r e te d  t o  in d ic a te  la r g e - s c a le  
m o t io n s  o f  th e  p o la r  c u s p . Day s e c to r  d is tu r b a n c e s  a re  re c o g n iz e d  
by io n o s p h e r ic  c h a r a c t e r i s t i c s  c lo s e ly  a s s o c ia te d  w ith  a u ro ra l 
phenom ena. The day s e c to r  F - la y e r  i r r e g u l a r i t y  zone and th e  
d is c r e t e  a u ro ra s  move e q u a to rw a rd  and s u b s e q u e n t ly  p o le w a rd  
w i th  t h e  d e ve lo p m e n t and decay o f  a m a g n e to s p h e r ic  s u b s to rm .
In c re a s e d  n o n -a 'e v ia t iv e  io n o s p h e r ic  a b s o r p t io n  o f  h ig h  
f re q u e n c y  ra d io  waves i s  a s s o c ia te d  w i th  th e  fo rm a t io n  o f  m idday 
a u r o r a l  p a tch e s  t h a t  o c c u r  in  c o n ju n c t io n  w i t h  m a g n e to s p h e r ic  
s u b s to rm s . T h is  is  f u r t h e r  e v id e n c e  t h a t  in d ic a te s  th e  c i r c u m p o la r  
n a tu re  o f  th e  h a rd  p a r t i c l e  p r e c ip i t a t i o n  zo n e  a s s o c ia te d  w it h  
m a g n e to s p h e r ic  s u b s to rm s  (H arhz  and B r ic e ,  1 9 6 7 ). M idday  a u ro ra l 
p a tc h e s  must a ls o  be an in te g r a l  p a r t  o f  th e  s u b s to rm  m o rp h o lo g y  
o f  m id d a y  a u ro ra s .
5 .4  HIGH LATITUDE IONOGRAM INTERPRETATION
E a r l i e r  s tu d ie s  o f  io n o s p h e r ic  v a r i a t i o n s  em phas ized  th e  
in v e s t ig a t io n  o f  's c a le d *  io nog ram  p a ra m e te rs ,  such  as c r i t i c a l  
f r e q u e n c ie s  and h e ig h ts .  H ow eve r, f o r  th e  s tu d ie s  p re s e n te d  h e re ,  
t h e  s c a le d  ionogram  p a ra m e te rs  have  been used o n ly  t o  i l l u s t r a t e  
d i f f e r e n c e s  in  ionog ram  c h a r a c te r  t h a t  in  t u r n  i d e n t i f y  w i th  known 
la r g e - s c a le  io n o s p h e r ic  f e a t u r e s .  T h is  'c h a r a c t e r i z a t i o n '  o f  com p lex  
h ig h  la t i t u d e  io nog ram s o f te n  r e la t e s  m ore in fo r m a t io n  th a n  do th e  
s c a le d  d a ta .  The a p p l i c a t io n  o f  th e  c u r r e n t  in te r n a t io n a l  g u id e l in e s  
( P ig g o t t  and Rawer, 1961) f o r  th e  in t e r p r e t a t i o n  and  s c a l in g  o f  
h ig h  la t i t u d e  ionogram s o f t e n  r e q u ir e s  a r b i t r a r y  d e c is io n s  by th e  
s c a le r  and does n o t r e q u ir e  a c o n s id e r a t io n  o f  a d d i t io n a l  s i g n i f i c a n t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
170
in fo r m a t io n  re co rd e d  on many h ig h  l a t i t u d e  io n o g ra m s . Any r e v is io n  
o f  th e  in te r n a t io n a l  g u id e l in e s  f o r  th e  i n t e r p r e t a t io n  and s c a l in g  
o f  h ig h  l a t i t u d e  ionog ram s sh o u ld  c o n s id e r  t h e  d e m o n s tra te d  
s ig n i f i c a n c e  o f  ionogram  c h a r a c t e r iz a t io n .
5 .5  A MAGNETIC MERIDIAN OBSERVING CHAIN FOR CONTINUED STUDIES
T h is  w o rk  i l l u s t r a t e s  th e  a d va n ta g e s  o f  an i n t e r d i s c ip l i n a r y  
s tu d y  o f  th e  h ig h  la t i t u d e  io n o s p h e re . I t  a ls o  d e m o n s tra te s  th e  
need f o r .  a m e r id ia n  c h a in  o f  g e o p h y s ic a l o b s e r v a to r ie s  e q u ip p e d  
w ith  io n o so n d e s , as w e ll  as a l l - s k y  ca m eras , m agne tom e te rs  and 
r io m e te r s .  On th e  b a s is  o f  th e  s tu d ie s  p re s e n te d  h e re , i t  is  
recommended t h a t  io n o so n d e s  be in s t a l le d  a lo n g  a m e r id ia n  c h a in  
o f  o b s e r v a to r ie s  as w e ll as th e  s ta n d a rd  m o n ito r in g  e q u ip m e n t.
Such an i n t e r d i s c ip l i n a r y  and s y s te m a t ic  o b s e rv in g  app roach  
w o u ld  p ro v id e  th e  d a ta  n e c e s s a ry  f o r  re f in e m e n t  o f  th e  s tu d ie s  
p re s e n te d  he re  and f o r  e x a m in a t io n  o f  th e  p o s s i b i l i t i e s  o f  
p r o v id in g  w a rn in g  f o r  th e  o c c u rre n c e  o f  m a g n e to s p h e r ic  s u b s to rm s .
S e v e ra l r e s u l t s  o f  t h i s  d is s e r t a t io n  s u g g e s t t h a t  th e  g ro w th  
phase o f  m a g n e to s p h e r ic  s u b s to rm s  may be o b s e rv e d  in  a u ro ra l and 
io n o s p h e r ic  d a ta .  The p u r s u i t  o f  th e s e  s u g g e s t io n s  t o  a d e f i n i t i v e  
c o n c lu s io n  is  im p o r ta n t f o r  a b e t t e r  u n d e rs ta n d in g  o f  m a g n e to s p h e r ic  
phenomena. In a d d i t io n ,  such s tu d ie s  w o u ld  e x te n d  th e  u n d e rs ta n d in g  
o f  th e  io n o s p h e r ic  e n v iro n m e n t and i t s  e f f e c t  upon th e  co m m u n ica tio n  
o f  in fo r m a t io n  v ia  o r  th ro u g h  th e  p o la r  io n o s p h e re .
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APPENDIX I
Phenomena
D a te s  S tu d ie d A u ro ra  1 Io n o s p h e r ic S e c t io n
May 3 0 , I960 X 2 .3 ,  2 .5
May 3 1 , 1962 X 2 .5
June 1 ,7 ,2 8 ,2 9 ,3 0 ,  1962 X 2 .5
J u ly  1 ,5 ,6 ,  1962 X 2 .5
S eptem ber 14 ,1 5 , 1964 X 3 .3
O c to b e r  2 , 1965 X 2 .3
December 1, 1965 X 2 .3
December 4 , 1965 X • X 4 .3
J a n u a ry  2 ,1 8 ,  1966 . X 4 .3  ■
M arch 3 , 1966 X 4 .3
December 2 2 , 1967 X 2 .3
F e b ru a ry  13, 1968 X 2 .3
December 5 , 1969 ' X 2 .3
December 6 , 1969 X X 4.1
December 9 ,  1969 X X 4 .2
December 1 3 ,1 4 , 1969 X 3 .2
Ja n u a ry  5 ,6 ,8 ,  1970 X 2 .3 ,  2 .4
F e b ru a ry  14, 1970 X 2 .3
November 3 0 , 1970 X 3 .2
December 1, 1970 X 3 .2
Ja n u a ry  8 , 1971 X 3 .2
November 1 6 ,1 7 , 1971 X 3 .2
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